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■ Positive cell restilcted antigen 
SPosHlve cell enriched antigen A 
E9 Positive cell enriched antigen B 
S Positive cell enriched antigen C 
Q Positive ceu enriched antigen D 
19 Positive cell enriched antigen E 

□ Common antigen (highly expressed) 

□ Common antigen (moderately 
expressed) 



(57) Abstract: The present invention relates to screening methods and, in particular, to methods of screening anti-ligand libraries for 
identifying anti-ligands specific for differentially and/or infrequently expressed ligands. The method comprises the steps of providing 
a library of anti-ligands; providing a first subtracter ligand; providing a second target ligand; determining the amount of the first and 
second target ligands using one or more equations derived from the universal law of mass action; providing the determined amount 
of a first subtracter ligand; providing the detomined amount of a second target ligand; providing separation means capable of use 
to isolate anti-ligand bound to the second target ligand from anti-ligand bound to the first subtracter ligand; exposing the library 
of to the first and second target ligands to pennit binding of anti-ligands to ligands; and using the separation means to isolate the 
anti-ligand bound to second target ligand. 
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METHOD FOR SCREENING ANTI-LIGAND IiIBRARIBS FOR IDENTIFYING ANTI-LIGANDS SPECIFIC 
FOR DIFFBRENTIAIiLY AND INFREQUENTLY SXPRESSED LIGANDS 

The present invention relates to screening methods and, in particular, to 
methods of screening anti-ligand libraries for identifying anti-ligands 
5 specific for differentially and/or infirequently expressed ligands. 

Protein or peptide based libraries are often used for selection of anti-ligand 
molecules with specificity for certain Ugands. 

10 Such libraries are constructed so that the protein molecule is, in some 
manner, physically linked to the genetic information encoding the particular 
protein molecule. The protein molecule is thus displayed together with its 
gene. 

15 Commonly used display formats rely on ceU or viras host particles to 
present the protein molecule; and include bacterial display (Francisco et aL, 

1993) and phage display (Smith, 1985; Smith and Scott, 1993; Winter et al, 

1994) , Such systems display the potential anti-ligand molecule on the 
surface of the host particle, whilst the genetic information for the displayed 

20 molecule is harboured inside the particle and said methods have been 
employed successfully for selection of specific protein based anti-ligands. 

Other display formats relying on in vitro translation exist; including various 
forms of ribosome display (Mattheakis et al^ 1994; Hanes and Pluckthun, 

25 1997; He and Taussig, 1997) that rely on non-covalent linkage of the 
genetic information to the protein molecule; and other display formats also 
relying on in vitro translation, whereby a covalent linkage exists between 
the genetic information and the potential anti-ligand protein molecule, e.g. 
the Profusion (Weng et aL, 2002) or the Covalent Display Technology (Gao 

30 etal, 1997). 

CONFIRMATION COPY 
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The displayed peptide or proteinaceous anti-ligand libraries may be totally 
randomised, e.g. when peptide libraries are used, or they may be based on a 
constant region scaffold structures incorporating a further structure 
5 conferring variability. 

Scaffold structures often used are based on the antibody heavy and light 
chain variable domains (McCafferty et aL, 1990) but may also be based on 
other scaffolds such as fibronectin (Jacobsson and Frykberg, 1995; Koide et 
10 alj, 1998), protein A domains (Stahl et al^ 1989), or small stable protein 
domains e.g. BPTI (MarWand et al, 1991). 

Selection of anti-ligands exhibiting a certain binding specificity, from 
display libraries, is often performed using so called "biopanning" methods. 

15 

The target ligand may be immobilised on a solid surface and specific anti- 
ligand members of a library are exposed to the immobilised target ligand to 
enable the anti-ligands of interest to bind to the target ligand. Unbound 
library members are subsequently washed away and the anti-Ugands of 
20 interest are retrieved and amplified. 

Proteinaceous particles other than the members of the anti-ligand library, 
e.g. phage expressing antibody firagments, may be "sticky" resulting in the 
binding and isolation of some non-target specific molecules. Non-specific 
25 binding may be minimised by adding certain compounds to the anti-ligand 
display construct/ligand mixture in order to act as blocking agents to reduce 
this background binding of non-specific anti-Ugands e.g. milk, bovine 
serum albumin, serum (human/ foetal calf), gelatine and for certain (non- 
cellular) applications, detergent 

30 



wo 2004/023140 




^CT/EP2003/009991 



3 

A number of washing procedures have been devised to reduce non-specific 
binding of library members to cells and to aid separation of cells from 
contaminating and/or non-specifically bound library members. 

Such methods include washing of cells magnetically fibced in a column 
(Siegel et al, 1997), in order to minimise shearing forces and to allow 
rebinding of dissociated phage. Another method of washing cells is by 
centrifugation in a higher density medium such as FicoU or PercoU, in order 
to selectively remove non-specific and low affinity anti-ligaads and further 
spatially separate cells and cell-bound anti-ligands from free-anti-ligands 
and non-specifically bound anti-ligands (Carlsson et aL, 1988; Williams and 
Sharon, 2002). 

Depending on the efficiency of the selection process, several roimds of 
panning may be required to eliminate or at least sufficiently reduce non- 
specific anti-Ugands to a desirable level (Dower et aL, 1991). 

In another selection method, the target ligand(s) binds the specific anti- 
ligand library members whilst in solution. Bound anti-ligands are then 
isolated using, for example, a retrievable tag attached to the target ligand. 
The most commonly used tag is biotin, which permits the complex between 
target molecule and displayed specific library member to be retrieved using 
avidin coupled to a solid support e.g. a magnetic bead (Siegel et aL, 1997). 

These metiiods are used when the target ligand is well known and available 
in a purified form. Selections against a siQgle target ligand at a time are 
routine. Selection for several defined target ligands may be performed 
simultaneously. Target ligands may be one or more of small haptens, 
proteins, carbohydrates, DNA and lipids. 
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For many applications, specific anti-ligands against difiFerentially expressed 
ligands are of interest. For example, proteins may be differentially 
expressed on cells and tissue derived from patients with disease, when 
compared to those from healthy controls. Such diseases include microbial, 
5 viral, or parasitic infections, asthma, chronic inflammatory and autoimmune 
disorders, cancer, neurological-, cardiovascular-, or gastrointestinal disease. 
Similarly, the protein composition of body fluids, e.g. plasma, cerebrospinal 
fluid, urine, semen, saliva and mucous, may differ between patients with 
disease compared to healthy controls. 

10 

Consequently, besides their general applicability as research tools to 
identify differentially expressed ligands, anti-ligands specific for 
differentially expressed ligands may be used as tools for use in the 
diagnosis, prevention and/or treatment of disease. 

15 

Recent advances within the genomics and proteomics fields have indicated 
the presence of a multitude of as yet undefined differentially expressed 
molecules, stressing the importance of methods for generation of specific 
anti-ligands for these potential target ligands. 

20 • 

Many of these differentially expressed molecules are expected to be present 
on cell sxirfaces and thereby constitute potential targets for targeted 
therapies using, e.g., specific antibodies which may be conjugated to 
bioactive (e.g. cytotoxic) agents. 

25 

Large and highly diversified anti-ligand display libraries provide methods 
of isolating anti-ligands with specificity to unknown cellular ligands of 
carbohydrate, protein, lipid, or combined actions thereof. 
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Biopanning processes currently available include whole-cell, cell-portion, 
and cell membrane based methods that, in principle, permit isolation of 
display constructs exhibiting anti-ligands specilBc to cell membrane ligands 
in their native configuration. However, the success in isolating anti-ligands 
5 against differentially expressed ligands or cell sub-population specific 
ligands (de Kruif et al, 1995) has been limited, and rational means of 
designing experiments to succeed in this task have been absent. 

Furtheraiore, selection for anti-ligands to ligands that differ between two 
10 groups of ligand populations, e.g. normal and transformed cells, have 
prinoiarily isolated those anti-ligands with specificity against certain highly 
expressed ligands imiquely expressed on the target cell, e.g. the tumour 
antigen Ep-CAM-1 (as extensively reported in the literature e.g. Huls et al, 
1999). It has been difficult to produce specific anti-ligands towards ligands 
15 expressed at a low level or those that are differentially expressed. 

Presently known methods of selecting and isolating binders to specific 
antigens are not able to isolate binders for antigens expressed in two 
different samples but at different levels of expression. Furthermore, 
20 presently known methods do not attempt to optimise the experimental 
conditions for the biopaiming reaction e.g. the reduction of biopanning 
rounds or reagents used. 

Stausb0l-Gr0n et al (1996) teaches the enrichment of binders possessing a 
25 specificity for antigen uniquely distributed in one sample and therefore 
absent from a second sample. 

Stausb0l-Gr0n et al. (2001) also teaches the enrichment of binders 
possessing a specificity for antigen xmiquely distributed in one sample and 
30 absent from another. This document represents a continuation of the earUer 
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Study. In this study the enrichment method has been altered to use a 
polyclonal serum to mask cormnonly expressed antigens. However, this 
serum would also mask the common antigens present at different 
concentrations in the two samples i.e. the differentially e^ressed antigens. 

WO 00/52054 (Genentech) teaches the isolation of binders with specificity 
to Decay accelerating factor (CD55). 

Therefore, the present invention seeks to provide more efficient and faster 
screening methods which remove or mitigate the aforementioned problems 
associated with conventional screening methods. 

The invention makes possible: (i) isolation of binders specific for 
differentially expressed ligands, including ligands that are expressed and 
upregulated at low levels in one ligand population compared to another; and 
(ii) differential analysis of ligand abimdance at ligand level, independent of 
ligand nature (e.g. carbohydrate, protein, nucleotide, lipid or a conjugate 
thereof). 

According to the invention there is provided a method of isolating an anti- 
Hgand to at least one target ligand comprising the steps of: 

(i) providing a library of anti-Ugands; 

(ii) providing an amount of a first subtractor ligand; 

(iii) providing an amount of a second target Ugand; 

(iv) determining amounts of the first subtractor and second target 
ligands using one or more equations derived fi-om the 
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universal law of mass action I^Ml = ^^, so as to permit 

lA] IB] 

isolation of at least one anti-ligand to at least one target 
ligand; 

(vT providing the amount of a first subtractor ligand determined in 
step(iv); 

(vi) providing the amomit of a second target ligand determined in 
step (iv); 

(vii) providmg separation means for isolating anti-ligand bound to 
the second target ligand firom anti-ligand bound to the first 
subtractor ligand; 

(viii) exposing the library of (i) to the hgands of (v) and (vi) to 
permit binding of anti-Hgands to ligands; and 

(ix) usmg the separation means to isolate the anti-hgand bound to 
second target ligand. 

It is not intended that the steps of the invention necessarily have to be 
performed in any specific order. 

By "providing tiie determmed amounf we include the meaning of 
providing an amount of hgand that was akeady known such tiiat the 
equations of the invention have been used to verify that the known amount 
provided is suitable for isolating tiie desired anti-ligand(s). 



wo 2004/023140 ^^CT/EP2003/009991 

8 

The reaction parameters that are utilised for a given selection process may 
be optimised according to the present invention by calculations applying the 
Mass Law of Action and equations derived therefrom, and taking 
parameters such as molecular library diversity, anti-ligand copy number, 
5 desired detection limit of upregulation, desired anti-ligand affinity, and 
ligand concentration into consideration. 



The invention also provides the method of isolating at least one anti-ligand 
to at least one target ligand comprising the steps of: 



10 



(i) providing data set(s) describing a library of and-ligands; 

(ii) providing data set(s) describing a first subtracter ligand; 
15 (iii) providing data set(s) describing a second target ligand; 

(iv) automatically determining an amount of the first subtracter 
and second target ligands using one or more equations derived 

from the universal law of mass action ^^^'^^^^ = jr 

[AnB]' 

20 

(v) providing the amount of the first subtracter ligand determined 
in step (iv); 

(vi) providing the amount of the second target ligand determined 
25 in step (iv); 



(vii) 



providing the library of anti-ligands described by the data-set 
of step (i); 
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(viii) providing separation means for isolating anti-ligand bound to 
the second target ligand from anti-ligand boimd to the first 
subtracter hgand; 

(ix) exposing the Ubrary of (vii) to the Ugands of (v) and (vi) to 
permit binding of anti-Ugands to ligands; and 

(x) using the separation means to isolate the anti-ligand bound to 
second target ligand. 

Step (iv) and at least one of steps (v), (vi), (vii) (ix) and (x) may be 
performed automatically. 

Preferably, the method also provides the further step of releasing tiie anti- 
ligand from the second target ligand for isolation and further use. 

Steps (ii) to (ix) may be repeated one or more times, if necessary, in order to 
further refine the purity of the anti-ligand isolate. 

It is preferable that the invention provides one of the first subtractor or 
second target Ugand in an amoimt that is in excess, m comparison to the 
other ligand. 

Preferably the excess of Ugand is between 10 and 1000 fold. 

The magnitude of excess of subtractor ligand population determines the 
highest possible "resolution" ( i.e. how well you are able to disciimmate 
between anti-Ugands with specificity for Ugands that are low iqiregulated, 
moderately upregulated, highly upregulated, or uniquely expressed) tiiat you 
wiU be able to detect, and how weU you wiU be able to discriminate 
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between differently expressed ligands. For example, if you are using a 
library with 100 target ligand specific anti-ligands and you add large 
enough concentrations of positive ligand so that all anti-ligaud will be 
bound to ligand at equilibrium, then a subtractor ligand population excess of 
5 10-fold will allow you to reduce the frequency of anti-ligands with 
specificity for commonly expressed ligands by 90%, whereas a 200-fold 
excess (twice the numb^ of anti-ligand specific binders) would allow you 
to remove common binders (see figure 5 and the very last paragraph of 
example 4). 

10 

The separation means of the first subtractor and/or second target ligands are 
preferably at least one selected from a solid support, cell membrane and/or 
portions thereof, synthetic membrane, beads, ch^emical tags and free ligand 
in solution. 

15 

Yet more preferably the separation means are cell membranes and/or 
portions thereof. 

Even more preferably, the first subtractor and second target ligands are 
20 fixed to or incorporated within separation means of different densities. 

Most preferably the first subtractor ligand has separation means comprising 
a membrane vesicle, and the second target ligand has a separation means 
comprising a whole cell membrane. 

25 

Preferably the method of separation is one of density centrifugation 
(Williams and Sharon, 2002), solid support sequestration, magnetic bead 
sequestration (Siegel et aL, 1997), chemical tag binding and aqueous phase 
partitioning. 

30 
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More preferably the method of separation is density centrifugation 
performed on a density gradient e.g. Ficoll; Percoll; iodinated gradient 
media, wherein during centrifugation, the first and second target Ugands 
move through the Ficoll gradient to differing extents whereby the first and 
second target Ugands can be isolated firom their differing end points. 

Most preferably the method of separation uses a sucrose-polymer gradient 
e.g. Ficoll. 

Preferably the screened Ubrary is a display Ubrary whereby the anti-Hgand 
of mterest is e?q>ressed by and displayed on the surface of a library member. 
Most preferably the library is a phage display Ubrary wherein the anti- 
Ugand is displayed on the sur&ce of a bacteriophage. 

The display of proteins and polypeptides on the surface of bacteriophage 
(phage), fiised to one of the phage coat proteins, provides a powerfiil tool 
for the selection of specific Ugands. This 'phage display' technique was 
originally used by Smith in 1985 to create large Ubraries of antibodies for 
the purpose of selecting those with high affinity for a particular antigen. 
More recently, the method has been employed to present peptides, domains 
of proteins and intact proteins at the surface of phage in order to identify 
Ugands having desired properties. 

The principles behind phage display technology are as foUows: 

(i) Nucleic acid encodmg the protein or polypeptide for display is cloned 
into a phage; 

(ii) The cloned nucleic acid is expressed fused to the coat-anchoring part of 
one of the phage coat proteins (typicaUy the p3 or p8 coat proteins in the 
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case of fflamentous phage), such that the foreign protein or polypeptide is 
displayed on the surface of the phage; 

(iii) The phage displaying the protem or polypeptide with the desired 
properties is then selected (e.g. by affinity chromatography) thereby 
providing a genotype (linked to a phenotype) that can be sequenced, 
multiplied and transferred to other expression systems. 

Alternatively, the foreign protein or polypeptide may be expressed using a. 
phagemid vector (/.e. a vector comprising origins of replication derived 
&om a phage and a plasmi<^ that can be packaged as a single stranded 
nucleic acid in a bacteriophage coat. When phagemid vectors are 
employed, a "helper phage" is used to supply the functions of replication 
and packaging of the phagemid nucleic acid. The resulting phage wiU 
express both the wild type coat protein (encoded by the helper phage) and 
the modified coat protein (encoded by the phagemid), whereas only the 
modified coat protein is expressed when a phage vector is used. 

The use of phage display to isolate ligands that bind biologicaUy relevant 
molecules has been reviewed in Felici et al (1995), Katz (1997) and 
Hoogenboom et al. (1998). Several randomised combinatorial peptide 
libraries have been constructed to select for polypeptides that bind different 
targets, e.g. cell surface receptors or DNA (Kay and Paul, (1996)). 

Proteins and multimeric proteins have been successfiilly phage-displayed as 
functional molecules (see Chiswell and McCafferty, (1992)). In addition, 
functional antibody firagments {e.g. Fab, single chain Fv [scFv]) have been 
expressed (McCafferty et al (1990),; Barbas et al (1991),; Clackson et al 
(1991)), and some of the shortcomings of human monoclonal antibody 
technology have been superseded since human high affinity antibody 
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fragments have been isolated (Marks et al. (1991) and Hoogenboom and 
Winter (1992)). 

Further information on the principles and practice of phage display is 
provided in Phage display of peptides and proteins: a laboratory manual 
Ed Kay, Winter and McCafferty (1996), the disclosure of which is 
incorporated herein by reference. * 

Preferred subtractor and target Ugands include antigens, receptor Ugands, 
and enzyme targets that comprise at least one from carbohydrate, protein, 
peptide, lipid, polynucleotide, inorganic molecules and conjugated 
molecules. 

Preferred anti-Ugands making up the anti-ligand library of the invention 
include antibodies, and antigen binding variants, derivatives or fragments 
thereof; scaffold molecules with engineered variable surfeces; receptors; 
and enzymes. 

Further preferably, the ligand and its separation means are exposed to a 
stimulus which influences the expression of target Ugands on said Ugand 
constructs, in order to investigate the anti-ligands specific for changes in 
ligand expression in given situations. 

Selected anti-ligands identified by the invention may subsequently be used 
in the manufacture of a pharmaceutical composition for use in medicine for 
the treatment, imaging, diagnosis or prognosis of disease. Anti-Ugands 
based on antibodies and most importantly on human antibodies have great 
therapeutic potential. 
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A further aspect of the invention, is exemplified by the use of computerised 
means to perform the method of the invention, and further includes a 
computer program product, comprising a computer readable medium having 
thereon computer program code means adapted, when said program is 
5 loaded onto a computer, to make the computer execute the procedure of the 
method. 

ft 

Additionally the invention mcludes a computer program, distributable by 
10 electronic data transmission, comprising computer program code means 
adapted, when said program is loaded onto a computer, to make the 
computer execute the procedure of the method. 

Definitions 

15 

By "biopanning" we mean a method of selection of one member fi-om a 
desired anti-ligand - ligand-binding pair, based on its ability to bind with 
hi^ affinity to the other member. 

20 By "ligand" we include the meaning of one member of a ligand/anti-ligand 
binding pair. The Ugand may be, for example, one of the nucleic add 
strands in a complementary, hybridised nucleic acid duplex binding pair; an 
effector molecule in an efifector/receptor binding pair; or an antigen in an 
antigen/antibody or antigen/antibody fragment binding pair. 

25 

By "anti-ligand" we include the meaning of the opposite member of a 
ligand/anti-Ugand binding pair. The anti-Ugand may be the other of the 
nucleic acid strands in a complementary, hybridised nucleic acid duplex 
binding pair; the receptor molecule in an effector/receptor binding pair; or 
30 an antibody or antibody fiagment molecule in antigen/antibody or 
antigen/antibody fi-agment binding pair, respectively. 
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By "antigen" we include the meaning a molecule or chemical compound 
that is able to interact with antibodies but not necessarily produce an 
immune response. Such antigens include, but are not limited to molecules of 
5 protein, peptide, nucleotide, carbohydrate, lipid or a conjugate thereof. 

By "differentially expressed ligands" we mean Ugands that are either 
expressed at differing levels between the target and subtractor sources, 
includmg those expressed only in certain conditions/places and not in 
10 others; or where either the target or subtractor Ugand is a modified version 
of the other from the target and subtractor Ugands. For example, some 
antigens are highly expressed on the ceU surfaces of diseased cells (e.g. 
cancer cells and at low levels or not at all on the equivalent healthy cells 
(e.g. non-cancerous cells). 

15 

By "low expression ligands" we mean those ligands that are expressed at 
low levels i.e. less than 20,000 copies per ceU (this includes most wild-type 
expressed cell surface receptors) or ligands occurring at a frequency of less 
than 1% of any other, more highly expressed ligand in the positive ligand 
20 population sample. 

By "ligand construct" we mean a system which comprises target and/or 
subtractor ligand associated with separation means. 

25 The term "antibody variant" shall be taken to refer to any synthetic 
antibodies, recombinant antibodies or antibody hybrids, such as, but not 
hmited to, a single-chain antibody molecule produced by phage-display of 
immunoglobulin light and/or heavy chain variable and/or constant regions, 
or other inmiunointeractive molecule capable of binding to an antigen in an 

30 immunoassay format that is known to those skilled in the art. 
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The term "antibody derivative" refers to any modified antibody molecule 
that is capable of binding to an antigen in an immunoassay format that is 
known to those skilled in the art, such as a fi^gment of an antibody (e.g. Fab 

5 or Fv fi:agment), or an antibody molecule that is modified by the addition of 
one or more amino acids or other molecules to facilitate coupling the 
antibodies to another peptide or polypeptide, to a large carrier protein or to a 
solid support (e.g. the amino acids tyrosine, lysine, glutamic acid, aspartic 
acid, cysteine and derivatives thereof, NH2-acetjrl groups or COOH- 

10 terminal amido groups, amongst others). 

By "density centrifugation" we mean the separation of items e.g. cells, 
organelles and macromolecules, according to their density differences. This 
separation is achieved by centrifiigation using a density gradient of an 
15 appropriate solution, through which tiie items being separated move on the 
basis of their density. 

The "Law of Mass Action" is a universal law of nature tiiat is applicable 
under any circumstance. This law states that for the reaction: 

20 

aA + bB -> cC + dD 

and if that system is at equilibrium at a given tenq>erature, then the 
following ratio is a constant: 

25 

[AYIB]" " 



where: 
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are the participants in the reaction (reactants and 
the coefficients necessary for a balanced chemical 

And wherem the constant is calculated in terms of concentration (indicated 
by []) and K has units M^^''-''''**''. 

By "data set(s)" we mean a set of information describing the compound in 
a form suitable for inputting into a computer for automatic processing of 
that information. The information provided may. for example, concern the 
number of anti-ligand molecules. 

By "automatic determination" we mean the use of equations derived from 
the law of mass action, by a computer or other automated device, in order to 
determine from the provided data, the amounts of ligand necessary to 
perform the invention 

Description of Preferred Embodiments and drawings 

Examples embodying certain aspects of the invention shall now be 
described, with reference to the following figures in which:- 

Figure 1 - The capture of anti-Ugands complexed to ligand as a function of 
target hgand density where: Kd = lOnM, Target ligand specific anti-Ugand 
copy number (A) = 200, Volume = 2.5ml. 

Figure 2 - The anti-Hgand molecule capture on target ligand constructs as a 
fimction of 1) the number of Ugands expressed on the subtracter and target 
ligand constructs respectively and 2) the number of target and subtractor 



A,B,C&D = 

products) 

a, b, c, & d = 

equation 
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ligand constructs used in the selection process. The indicated numbers 
represent the capture of anti-ligands (on target Ugand constructs) with 
specificity for Ugands represented in Table I. The reaction parameters 
Kd= lOnM, target ligand specific anti-ligand copy number T= 200 for all 
anti-ligand specificities, volume (V)= 2.5ml. 

Figure 3 - Anti-Ugand capture on target ceUs as a function of anti-ligand 
specificity and afBnity. Antigen categories are as described in Table 1. 
Target cell input (Cp) is 5x10^ subtracter ceU input (C^) is 10^°, volume (V) 
is 2.5 ml and assuming a ligand specific anti-ligand input (A) of 200. 

Figure 4 - Histogram showing firequencies of anti-Hgand specificity as a 
function of excess subtracter ligand (ceUs) added and tiie number of 
selection rounds performed. Histograms show the relative numbers of anti- 
ligands isolated with different specificities. The reaction parameters of 
figure 2 apply. 

Figure 5 - Target population Ugand abundance independent, but target to 
subtracter Ugand population ligand abundance dependent isolation of anti- 
Ugands witii specificity for Ugands of different abundance witiiin target 
Ugand population and between target and subti^ctor Ugand populations as 
described in Table 2. The reaction parameters of figure 2 apply, and 
subtiractor Ugand population excess is x200 as described in example 4. 

Figure 6 - Elution of CD40L specific phage and general mouse fibroblast 
binder phage following selection on non-tiransfected mouse fibroblast ceUs 
(3T3), CD32 transfected mouse fibroblast cells (CD32-3T3) or CD40L 
transfected mouse fibroblast ceUs (CD40L-3T3). Dotted Unes show the 
theoretical number of CD40L specific phage bound to CD40L-3T3 ceUs at 
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equiUbrium given a CD40L specific phage particle input number of 10* or 
10^ and parameters used in the selection process. 

Figure 7 - Numbers (Figure 7A) and ratios (Figure 7B) of CD40L specific 
phage particles to general fibroblast binder phage (detennined by cfu after 
infection of ^.co/i HBlOlF'and plating on LA plates containing appropriate 
antibiotics), following selection in absence of subtracter ligands (CD40L- 
3T3 cells only), pre-selection using a fourfold excess of CD32-transfected 
3T3 cells, and pre-selection using a 50-fold excess of cell membranes fi-om 
CD32 transfected 3T3 cells. 

Figure 8 - B cell (Ramos) versus T ceU (Jurkat) reactivity of scFv clones: 
(Figure 8A) Hit rate of clones selected followmg three rounds of 
competition bio-panning utilismg the invention (Figure SB) Hit rate of 
clones selected following three rounds of conventional negative (T cell) pre- 
selection and following positive (B cell) selection. Y axis = B cell 
reactivity of clones (counts* fluorescence intensity). X axis = T cell 
reactivity of clones (counts* fluorescence intensity). ScFv binding was 
examined using an FMAT macro-confocal high throughput screening 
instrument. 

Example 1 - Deriving Equations 

Applying the Universal Law of Mass Action (LMA), the number of ligands 
needed to isolate anti-ligands to low expression ligands and/or differentially 
expressed ligands from display Ubraries of high diversity may be calculated. 

The LMA states that the non-covalent (hydrogen bonding, electrostatic. Van 
der Waals or hydrophobic forces), reversible binding between an anti-ligand 
A and its target ligand T, and their complex AT is given by the equilibrium 
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interaction A + T <=> AT with the equilibrium dissociation constant or 
afiBmtyKd=[A][T]/[AT]. 

The equilibrium interaction between anti-ligands with identical specificity 
5 (A) for a target ligand (T) may be described as 

Bound A (bA) <=> fiiee A (fA) + fi-ee T (fT) 
with 



10 



It is known that the total A or T is the sum of firee and bound A or T 
15 i.e. [A] (Total A) = [fA] + [bA], and [T] (Total T) = [fT] + [bA] 
Therefore in 00 replacmg [fA] by [A]-[bA], and [fT] by [T]-[bA] 



K.-U}-[bA])x^^^^ (ID 

20 

Which is rearranged to form 

(K,x[bA]) = (IA][T] - [A][bA]) - ilT][bA] - [bAf ) 

25 0 = [bA]' - iA] + [T] + K, \bA] + [A][T] 

This simultaneous equation has the solution 
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where the negative root is the relevant one: 

Substituting concentrations for particle numbers/ the number of particles per 
mole (C)/ unit of volume (V) yields 



10 



15 



A T 



bA KjCxV)^ (CxV) ^ 
iCxV) 2 I 

and simplified to 



\2 



XCxV) jCxV) "J AT 
4 ■ (CxV)^ 



^ {A+ r+ WCxn)_^(A±T±(^^^^ 



where A= total number of anti-ligands A 
T= total number of ligands T 
V= the reaction volume (litres) 
20 C= Avogadro's constant (6.022x10^^ particles/mole) 

Given that the LMA appUes to each reaction between different anti-ligands 
with given affinity and specificity for their respective target ligands, the 
number of anti-ligands bound to ligands following a selection process may 
25 be calculated by applying the LMA and equation (HI). 
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Furtbermore, if there is no qualitative difference between the anti-ligands 
associated with the populations of subtractor or target Ugands, i.e. that there 
is no change in the physico-chemical properties of the ligand during the 
method, then the number of anti-Ugands that have bound to target ligands at 
5 equiUbrium wiU be equal to the total number of bound anti-ligands 
multipUed by the ratio of target Kgands on target Kgand constructs to total 
ligand (subtractor and target ligand): 

Introducing 

0 Cp= Ihe number of target ligand constructs 

Cs= the number of subtractor ligand constructs 
Tp = the number of T ligands on Cp 
Ts = the number of T Ugands on Cs 

5 If target and subtractor constructs are mixed then the total number of 
ligands will be: 

TTot^CTpxCp + TsxCs) 

0 And the number of anti-Ugands (A) bound to the positive constructs at 
equiUbrimn (bAp) is given by: 




(IV) 



Furthermore the combination of equations (IE) and (IV) yields 



bA. 




(V) 
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Example 2 - Optimising ligand concentrations 

The equations exemplified in example 1 show that utilisation of high 
5 concentrations of both the first subtractor Ugand and the second target 
Hgand is instrumental in the efSdent retrieval of anti-Ugands with 
" specificity for low expression and differentially expressed ligands, as well 
as for the reduction of anti-Ugands with specificity for commonly expressed 
ligands. 

10 

Ligand concentration may be increased by several means. In all cases ligand 
concentration is increased by moving fi-om two-dimensional coupling of 
ligand (coupling to a two-dimensional solid-phase) to use of ligand ft^ee in 
suspension or solution (three-dimensional). 

15 

In cases where binding is dependent on the ligand being used in its native 
configuration, such as for cell surface ligands, then ligand concenti^tion is 
maximised by increasing the ratio of Ugand constiiict surface area to Ugand 
construct volume. 

20 

/ 

For example, ceU surface antigens may be used in the form of small plasma 
membrane vesicles firee in suspension, as opposed to using whole ceUs fixed 
to a 2-dimensional surface. This has the additional advantage of increasing 
tiie stabiUty of tiie Ugand in suspension or solution, thus promoting the 
25 Ugand-anti-Ugand equiUbrium interaction. 

If the Ugand source has a spherical (or substantiaUy spherical) form, tiiis is 
described mathematicaUy by the foUowing equation: 



30 



ApA^p= (W)/ (W/3)= n/3T 
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Where Ap= sphere area 

Vp= sphere volume 

5 i.e. the smaller the radius of the sphere, the greater the ratio of ligands/ 
volume and the more particulate (suspension like) the ligand. 

Example 3 - Testing equation in 

10 Highly diversified molecular libraries, such as phage display libraries, 
typically comprise some 1x10^° genotype unique library members. When 
considering a phage library, a typical 2.5ml library stock (Volume - V) 
contams some 2x1 0" total displayed proteins, meaning that each individual 
library member has 2000 displayed proteins, i.e. that each genotype is 

15 represented by 2000 copies. On average, some 10% of these particles (200) 
(A - target specific anti-ligands) may be estimated to display ligand binding 
ability. 

Insertion of these parameters into equation III and using a desired binding 
20 affinity of a good anti-ligand (Kd< 1 OnM), the minimum number of Ugands 
(T) needed to "capture" (bA - bound anti-ligands) a given number of 
genotype specific anti-ligands may be calculated applying equation III 
(Figure 1). 

25 When cells are used as the ligand source, these parameters border that of 
what is practically feasible using whole cells in conventional biopanning 
procedures. The number of cells that may be suspended in a 2 ml volume is 
finite, as increasing cell numbers resulte in an increased viscosity of the 
medium, shear forces and impairment of the equilibrium afGnity interaction 

30 between anti-ligand and target ligand. Overcoming these problems by the 
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methods of the inventioii pennits isolation of anti-Ugands to low expression 
ligands present on only a minority of cells within a heterogeneous cell 
population. 



5 When attempting to isolate anti-Ugands that are specific for ligand(s) that 
are more abundant in one ligand population compared to another - e.g. 
antigens on cancer versus non-cancerous ceUs - there is a still greater 
demand on utilisation of high concentrations of antigen in a controlled 
manner. In a highly diversified molecular Ubrary there will, in principle, 

10 exist anti-Ugands to every Ugand present in the mixture. Anti-Ugands 
specific for upregulated or unique Ugands requite enriching relative to 
common anti-Ugands. 

Enrichment may be achieved by a competitive biopanning procedure m 
15 which ligands firom the control population are added in excess. 



A molecular Ubrary contains anti-Ugands with specificity to a large number 
of different ligands whose concentrations differ between two given complex 
Ugand mixtures - here exempUfied by, but not restricted to, ceUs - as shown 
20 in Table I. 



It is further assumed that upregulated or unique ligands are rare in 
comparison to Ugands that are similarly distributed between the subtractor 
and target Ugand ceU constructs (indicated m Table I by 100 thousand-fold 
greater anti-ligand representatives for ligand categories TNI and TN2). 

In Table I, antigens (Ugand) are divided into categories based on their 
absolute and relative expression between target and subtractor Ugand 
constructs. In this example, the Ugand constructs are cells, and it is assumed 



wo 2004/023140 



'CT/EP2003/009991 



26 

Hiat two different ceU populations differ in their expression of certain 
antigens, but also share expression of certain other antigens. 

Antigens belonging to categories TRl and TR 2 are only expressed on 
5 target cells (TR= Target cell Restricted); antigen of liie TBI , TE2, TE3, and 
TE4 categories are expressed and enriched at different level on the target 
cells when compared to the subtracter cells; and target antigens belonging 
to categories TNl.X and TN2.X are those antigens expressed at equal 
densities on both the target and subtracter cells, but at different absolute 
10 numbers per cell. 



Furthermore, it is assumed that antigens expressed at equal densities on 
target and subtractor cells (TN1.X and TN2.X) are 100 thousand-fold more 
common than either the target cell enriched (TE) or unique (TR) antigens. 
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Table I. Anti-Iigand molecule categories by positive cell antigen and 
subtractor cell antigen prevalence 



Anti-ligand 
Category 


Anti-ligand 
Specificity 


Positive cell 
e:q>ression 
^auiigens/ceiij ip 


Subtractor cell 
expression 
(antigais/cell) Tg 


Rl 

■ 


Antigen TRl 


1,000,000 


0 


R2 

-a 


Antigen tR2 


100,000 


0 


El 

■ 


Antigen TEl 


50,000 


1,000 


£2 

■ 


Antigen TE2 


50,000 


10,000 


E3 

o 


Antigen TE3 


10,000 


1,000 


E4 

■ 


Antigen TE4 


5,000 


1,000 


Ni.i-Nyooooo 


Antigen TNl.l- 
TNl. 100000 


100,000 
(xl00,000) 


100,000 
(xl 00,000) 


N2.1.N2^100000 


Antigen TN2.1- 
TN2. 100000 


1,000,000 
(xl 00,000) 


1,000,000 
(xl 00,000) 
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Example 4 - Testing equation V 

If anti-ligands Rl, R2, Nl and N2 derived from a highly diversified 
molecular library are mixed with their respective target antigens TRl, TR2, 
5 TNI and TN2, and where differential expression on target and subtractor 
cells occurs, then the number of anti-Ugands bound to positive cells at 
equilibrium are given by 



10 



Ml/> = 



2^4 J ^(2M,xC,)+(27Vl.xC,))J 



and so forth, 

15 Substitutmg antigen numbers TRl , TR2, TEl , . . . , TE4, TNI and TN2 with 
the numbers shown in Table I, and keeping all other parameters constant 
and as described above, the number of anti-Ugands specific for different 
antigen categories that are bound to target cell (population) antigen at 
equilibrium, following competitive selection, may be calculated as a 

20 function of added target cells and subtractor cells (Figure 2). 

In essence Figure 2 demonstrates the following: 

• Increasing addition of target Ugand results in the isolation of increasing 
25 numbers of anti-ligands with specificity for: 



a) Target cell upregulated ligands and target cell unique ligands; and 
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b) Lower abundant target cell upregulated ligands. 

• Increasing addition of subtractor cells results in better subtraction 
(removal) of anti-ligands with specificity to ligands expressed at equal 
densities on target cells and subtractor cells, such that, at high enough 
ligand concentrations and ratios between target and subtractor cells, all 
anti-ligands witii specificity to commonly expressed ligands will be 
bound to the subtractor cells (e.g. Figure 2 - 5x10'' target cells and 
1x10^° subtractor cells). 

In the above example, and given the reaction parameters of figure 2, m 
order for anti-ligands with specificity for all target cell upregiilated ligand 
(includmg tiie low expression and low upregulated antigen category E4) to 
be isolated, 5x10^ positive cells need to be utilised in the selection process. 

A subtractor ligand excess of two-hundred-fold (1x10^^ will deplete all 
anti-ligand with specificity for commonly expressed ligands while anti- 
ligands with specificity for all target cell upregulated or unique ligands are 
retained. 

In a different selection process set up, where the anti-ligand copy number is 
not kept constant, utilisation of 5000 copies of anti-ligand (of identical or 
different genotype) against each ligand would reqmre 1x10* target cells and 
5x10' subtractor cells in ordar to capture anti-ligands of all desirable 
specificities and the removal of anti-ligands with specificity for all 
commonly expressed ligands. 

For depletion of anti-ligands with specificity for commonly expressed 
ligands, the ratio of target to subtractor ligand construct used in the 
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selection process needs to exceed the total number of bound anti-ligands 
with specificity for the highest commonly expressed ligands. 

The threshold for such depletion may be determined empirically by titrating 
the library member iiq>ut (firom a highly diversified molecular Hbrary) for 
the selection process. If the above criteria are met, only anti-Hgands with 
specificity for target cell enriched or target cell unique ligands, will 
predominate over anti-ligands with specificity for commonly expressed 
ligands regardless of their affinities (Figure 3). 

Low affinity anti-Hgands (Kd=lMM in Figure 3) that stick to tiie cells are 
tiien able to be washed away. Due to viscosity effects, increased shearing 
forces, and impairment of the equilibrium reaction between ligand and anti- 
ligand, the number of cells needed to fulfil these criteria exceeds tiiat of 
what is feasible using whole ceUs, currentiy available molecular libraries 
and established biopanning techniques. 

As an altemative to immediate depletion of all anti-Ugands with specificity 
for target population/subtracter population commonly expressed Ugands, 
multiple rounds of selection may be performed to enrich for anti-ligands 
with specificity for Ugands uniquely present or upregulated on the target 
cell. Depending on tiie quality of the anti-Ugand Ubrary, tiie expected 
abundance of the targeted ligand of interest, and the availabihty of 
subtractor ligand construct, such methodology may prove useful. 

The ratios between anti-ligands with different specificity increase 
exponentially witii the number of selection rounds. If tiie total concenfation 
of target ligand (A) is much greater than the concentiation of fi-ee anti- 
ligand molecules (fF) ([A] »>[fT]% as is tiie case in any given selection 
process utiUsing highly diverse molecular libraries, tiien tixe concentration 
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of free ligand can be replaced by the total concentration of ligand ([fT] « 
[T]) yielding Kd « [fA] x [T]/[bA]. Replacing [fA] by [A]-[bA] yields Kd « 
([A]-[bA]) X [T]/[bA] and rearranged to [bA] « [A] x [T]/(Kd + [T]). 

Replacing concentrations for particle numbers/ number of particles per 
mole(C)/ volume (V), the number of captured anti-Ugands is obtained as bA 
«AxT/(CxVxKd+T). 

If target cells are mixed with subtractor cells, the number of anti-ligands 
captured on target cells (bAp) is given by bAp « bA x (Tp x Cp)/TTot « A x 

TTot/(CxVxKd + TToOx(TpxCp)/TTot«A/(CxVxKd + TTot)x(Tpx 
Cp). 



If: 



Tor 



(T^xCn + (T,xC,)) 



VI 



is constant between selection 



rounds (reaction parameters other than anti-Ugand input (Aj„)) and equal to 
a for anti-UgandA - ligandA interaction and p for anti-ligandB - Ugands 
mteraction, then the number of captured anti-ligands in selection 1 specific 
for ligandA is given by al= Ah, x a, and captured anti-Ugands specific for 
Uganda is given by bl= Bi„ x p. 



Similarly, following x-fold ampUfication of eluted anti-ligand the number of 
anti-ligands captured on target ceU Ugands A or B in selection round 2 is 
given by a2= x*al=x* Afa, x a x a and b2= x*bl=x* Bjn x P x p. 
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In selection round 1 the ratio of captured anti-Hgands specific for ligandA to 
captured anti-Ugands specific for Ugandfi is given by (Ai„ x a)/ (8^ x P). In 
selection two the ratio will be (Ai, x a x a)/ (3^ x p x P), and after n 
selections the ratio will be (Ah, / Bin) x (ct/p)". 

Hence, with increasing rounds of panning, anti-ligands with specificity for 
the target cell unique or upregulated hgand(s) wiU prevail over anti-Ugands 
with specificity to commonly e^qpressed ligands. 

However, multiple panning rounds also decrease the fiequency of anti- 
Ugands on the target Ugand constructs with specificity for low expression 
target ceU unique or enriched Ugands (in comparison to anti-Ugands with 
specificity for highly expressed target ceU unique or enriched Ugands) e.g. 
ratios of anti-ligands firom categories E4 to Rl increase fi-om 1:44 to 
1:25000 after 3 rounds of panning when lO' target ceUs and 10^ subtracter 
ceUs are utiUsed (Figure 4). This makes the screening process for such anti- 
Ugands extensive, and thereby fiirflier demonstrating the need for utiUsation 
of Ugand concentrations as high as possible in the selection process. 

Multiple selection rounds are performed using reaction parameters other 
than anti-Ugand input (volume, number of target cells and subtractor ceUs) 
that are kept constant (Figure 4). 

If large enough concentrations of Ugand are utiUsed all anti-Ugands 
possessing, e.g., nanomolar levels of binding affinity wiU be bound to their 
respective Ugand. With reaction parameters as used in the previous 
exanq)les it would take some 7x10^^ Ugands to achieve this. 



le lowest abundant Ugand population of interest is present at such levels, 
if the subtractor Ugand population is added at an excess compared to tiie 
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target Ugand population exceeding the number of anti-Ugands complexed at 
equiHbrium (200 in this case), anti-ligands specific for Ugands that are more 
abundant in the original target cell population compared to the subtractor 
ceU population will be isolated in numbers increasing in line with the 
increase in target cell population compared to the subtractor population in a 
target hgand population abundance independent manner. 

Anti-ligands with specificity for Ugands found at identical numbers in 
original target and subtractor Ugand populations will be bound to subtractor 
Ugand (Table II/Figure 5). 
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Table H. Anti-ligand molecule categories by positive antigen population 
and negative antigen population prevalence 



Anti-ligand 
Category 


Anti-ligand Specificity 


Positive antigen 
population 
abundance 
(molecules x 
3.5x10-^^) Tp 


Negative antigen 
population 
abundance 
(molecules x 
3.5x10-^") 


■ 


Positive population 
restricted antigen 


l.OOE+06 


O.OOE+00 


A 

B 


Positive pqpulation 
enriched antigen 


l.OOE+06 


l.OOE+04 


B 

■ 


Positive population 
enriched antigen 


l.OOE+05 


l,00E+03 


C 

□ 


Positive population 
enriched antigen 


l.OOE+06 


l.OOE+05 


D 

■ 


Positive population 
enriched antigen 


l.OOE+05 


l.OOE+04 


E 

B 


Positive population 
enriched antigen 


5.00E+00 


l.OOE+00 


□ 


Positive and negative 
population commonly 
abimdant antigens 
(highly abundant) 


l.OOE+06 


l.OOE+06 


B 


Positive and negative 
population commonly 
abundant antigens 
(rare) 


l.OOE+02 


l.OOE+02 
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Example 5 -Preferred embodiment 

In a preferred aspect the invention is used to isolate anti-ligands with 
specificity for ceU surface antigens in their native configuration and 
independent of their nature (protein, carbohydrate, Upid, complex). 
Additionally the antigens being bound are those upregulated or uniquely 
expressed on one cell type compared to another (e.g. transformed cancer 
cell, viral/microbial/parasite/fungal infected cell or other agonist stimulated 
or infection activated cell versus control cells). (Figures 2, 4 and 5) 

When utilised for selection of antibody derived anti-ligands (e.g. scFv-, 
Fab-, or Fv-encoding anti-ligands), the method, simultaneously with the 
screening process, generates therapeutic antibody candidates that react with 
target antigen in its native configuration at the cell membrane. 

Because such large concentrations of antigen are needed, antigen is used in 
a form that does not impair the equilibrimn reaction. Therefore, antigen is 
used in forms that occupy minimal space and impose little increase in 
viscosity and shearing forces. 

For example, when anti-ligands to cell surface antigens are sought, a 
competition biopanning process utilising target whole cells and excess 
subtractor cell membranes mixed with members of a highly diversified 
molecular anti-Ugand library may be used, followed by density separation 
on a Ficoll or Percoll/bovme serum albumin gradient and selective isolation 
of target ceUs and anti-ligands specific for target cell upregulated and 
unique antigens. 
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In this methodology the target ligand (antigen) population is in the form of 
whole cells (high density) and the subtractor ligand (antigen) is in the form 
of plasma membrane vesicles or enucleated cells (low density). 

The target and subtractor antigen populations are mixed with members of a 
highly diverse molecular library in a controlled manner based on the 
equations described herein. 

For example, 5x10^ target whole cells are mixed with ceU membrane 
vesicles of 1x10*° subtractor cells and mixed with members from a highly 
diversified library at an anti-ligand specific copy number of 200 (typically 
producing anti-Ugands of Kd=10-*M when selecting on pure antigen), one 
can expect to isolate anti-Ugands specific for 10-fold or greater upregulated 
antigens including those expressed at such low densities as 10,000 per target 
cell. 

The reaction is incubated to reach equilibrium. Following competitive 
biopaiming, library members bound to the target population are separated 
from unbound anti-ligands and those anti-ligands bound to conti-ol 
subtractor antigen by density centrifiigation separation, resulting in 
enrichment of phage specific for highly expressed antigens present among 
tile studied population. 

Where the desired target antigen expression is higher in the subtractor 
population the process is reversed, so tiiat tiie subtractor ligand population 
becomes target ligand population and vice versa. 

Besides generating anti-Ugands witii specificity for differentiaUy expressed 
and unique Ugands, use of different density separation means on a density 
gradient, offers several advantages including: 
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• Physical and spatial separation of anti-ligands complexed to positive 
ligand from imbound anti-ligands and anti-ligands with specificity for 
ligand found in the control population. 

5 

• Ficoll washing increases shear force. Hence, such washing is more 
efficient and less washing repetitions (panning rounds) are needed; and 
there is min imal dissociation of specifically bound (higher affinity) anti- 
ligands of interest. 

10 

• Does not require tagging or chemical modification of cells (compare 
FACS (fluorescence activated cell sorter) or MACS (magnetic activated 
cell sorter) based competitive biopanning) that might alter cell surface 
ligand configuration/conformation and/or composition. 

15 

Example 6 -All membrane vesicles as separation means 

Whole cells can be replaced by membrane vesicles produced in a higher 
density media, allowing for even higher concentrations of ligand to be 
20 utilized without compromising the equilibrium reaction. 

Example 7- Testing the effects of stimuli on ligand up-Zdown- regulation. 

A fiirther embodiment of the invention may be used to isolate anti-ligands 
25 with specificity for cellular ligands that are expressed at a very low density 
in only a small number of cells within the cell population being studied. 

For example, a certain stimulus may be suspected to trigger flie upregulation 
or downregulation of a cell surface antigen present on an imknown cell 
30 subpopulation present in blood. 
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Cells derived from whole blood exposed to this stimulus may be mixed with 
plasma membranes derived from whole blood prior to exposm-e to the 
stimulus, and a competitive biopanning reaction analogous to that described 
above. 

Example -8- Diagnostic use of the screening method 

A further example of the invention, allows anti-ligands against ligands 
present at different abundance in biological samples (e.g. plasma, urine, 
cerebrospinal fluid) to be isolated from highly diversified molecular 
libraries. Such anti-ligands may subsequently be used for, e.g., protein 
expression analysis and identification of potential biomarkers. 

If sufificientiy high concentrations of Ugands are used, the method of the 
invention allows for selective isolation of anti-ligands against up-regulated 
or unique Ugands when comparing protein composition in two dijEferent 
samples (Figure 2). This ultimately aUows for isolation of anti-ligands 
specific for ligands that are more abundant in one population compared to 
anotiier population, in a manner tiiat is independent of the relative ligand 
concentrations within the positive ligand population (Figure 5). 

Due to the extreme concentrations of ligand needed to accompUsh the latter, 
ligand should preferably be used in suspension or solution. For example, 
target population ligand can be spHt and tagged at several different positions 
to minimise desfruction and eradication of relevant Ugands, while subtractor 
population Ugands can be used untagged or mock treated. Tagging of tiie 
positive Ugand population provides a means for subsequent retrieval of 
positive population Ugands and binders bound to positive population Ugands 
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only by use of tagged ligand complexed with e.g. counter tagged magnetic 
beads. 

An application of this method would be to pool plasma samples from a 
population of patients with a certain illness and compare to a plasma 
samples from a control population. In this case the patient plasma samples 
would be split and tagged, and the control population would be untagged 
(see example 11). 

Example 9 -Experimental testing of equation (s) 

This example demonstrates the experimental use of the preferred 
embodiment - density competition biopanning using whole cells and cell 
membrane vesicles to isolate anti-ligands with specificity for a target cell 
unique ligand. 

The model phage pKBitCD40L-2 is a CD40L specific phage and the model 
phage pBitBLTR-2 is a general moiise fibroblast anti-ligand phage 
[Biolnvent, Sweden]. 

In order to demonstrate efficient subtraction of phage with specificity for 
common antigens we used the pBitBLTR-2 phage. This phage was isolated 
in a previous selection process for its general abiUty to bind non-transfected, 
CD32 transfected and CD40L transfected mouse 3T3 fibroblast cells. 

Figure 6 shows the number of kanamycin resistance carrying phage (CD40L 
specific) and ampicillin resistance carrying phage (mouse fibroblast binder) 
that were eluted from CD40L transfected 3T3 cells (5x10^), CD32 
transfected 3T3 cells (2.6x10*), or non-transfected 3T3 ceUs (6x10*) 
following centrifogation based biopanning using a 900nl phage stock 
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containing 10* pfii CD40L specific phage, 10** pfu mouse fibroblast general 
binder phage and 10^° pfii R408 helper phage (no antibiotic resistance). 

The affinity of the CD40L specific phage scFv was previously demonstrated 
to be Kd= 8x10"'m. Mouse fibroblast expression of CD40L and CD32 was 
confirmed by staining with monoclonal antibodies (MAb) and flow- 
cytometric analysis (not shown). 

CD40L anti-ligand specificity of the kanamycin resistant phage was 
confirmed by selective retrieval of these phage from CD40I^transfected 
mouse fibroblasts. The general mouse fibroblast specificity of the ampicillm 
resistance carrying phage was confimied by the retrieval of similar numbers 
of ampicillin resistance carrying phage following elution from CD40L- 
transfected, CD32-transfected, and non-transfected mouse fibroblasts 
(Figure 7). 

The efficacy of utilising excess membrane as subtractors of phage with 
irrelevant specificity was demonstrated by comparing the ratios of 
kanamycin and ampicillin resistant phage eluted from 

1) a selection process with CD40L-transfected cells only, 

2) a pre-selection process utilising whole CD32 transfected mouse 
fibroblasts at an excess of fourfold; and 

3) competition biopanning using a fifty-fold excess of CD32- 
fransfected plasma membranes. 
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Plasma membrane competition was five-fold more efficient than 
preselection using whole cells, and utilisation of membranes resulted in a 
less viscous selection reaction compared to when whole cells were used. 

Experimental Methods 

5 

Phage manufacture 

An antibody Ubrary of human scFv jfragments was used to isolate scFv 
antibody firagments recognising the CD40 ligand antigen (CD40L) on 
10 CD40L-transfected mouse 3T3 cells. 

In the first pre-selection round the library (7xl0" CFU/ml, 1.8 ml) was 
incubated with 9.3x10^ un-transfected mouse 3T3 fibroblast cells (1 ml), 
and 0.2ml RIO medium {RPMI 1640, 10% PCS, Ix non-essential amino 
15 acids, 2mM EDTA, 50mM HEPES, (GIBCO BRL, Gaithersburg, MD 
20877, USA)} for 75min at 15°C with slow rotation and a total reaction 
volxune of 4.0ml. 



The cells were centrifUged for lOmin at 1500 ipm, IS^C, and the phage 
contaming supernatant transferred to a second pre-selection step analogous 
to the first, except that CD32-transfected mouse fibroblasts (IxlO') were 
used. 



Following pre-selection, phage were precipitated by treatment with 
polyethylene glycol (PEG), resuspended in 1ml RIO medium, and were 
used for positive selection on 1x10^ CD40L.transfected 3T3 cells. Positive 
selection was undertaken at 20°C, during slow rotation, for 3h. 

Cells were washed twice in density gradients consisting of 40% Ficoll/ 2% 
BSA/ Dulbecco's PBS (Gibco BRL), and once in Dulbecco's PBS only. 
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Bound phage were eluted from ceUs by re-suspension in 1ml Glycine/ HCl 
pH 2.2, at room temperature for 15 minutes, followed by neutralisation in 
2MTTis-HCl(pH7.4). 

FoUowing centrifugation and conection of eluted phage, the remaining 
bound phage were eluted in 1ml 0.4 x EDTA-trypsin solution (Gibco BRL) 
in RIO medium. Pre-selection and positive selection was repeated three 
times as above. 



The specificity of the selected phage scFv was determined by, firstly, 
screening mdividual phage clones for reactivity against CD32 transfected or 
CD40L transfected mouse 3T3 fibroblasts in cell ELISA. Some 20% of 
these clones showed selective reactivity with CD40L-ttansfected cells and 
were picked for further analysis. 

The selected clones were converted to scFv format by excision of the gene 
m fiagment and scFv molecules were produced in the nonsuppressor strain 
E.coli HE 101. The specificity of the clones was confirmed by scFv whole 
cell ELISA, and flow-cytometry, using untransfected, CD32-transfected, 
and CD40L-transfected mouse 3T3 fibroblast cells. 

For flow-cytometric analysis scFv binding was detected by biotinylated 
anti-flag M2 antibody (Sigma Chemical Co, St Louis, MO, USA) and 
subsequent Streptavidin-PE (DAKO, Glostrup, Demnark) addition. The 
afBnity of clone 7E for CD40L antigen was Kd= 8x 10-9M as determined 
by scatchard blot using whole CD40L-transfected 3T3 cells as an antigenic 
source (unpublished data). 



Selection of the general mouse pBitBLTR-2 phage was carried out 
essentially as for pKBitCD40L-2, except BLTR-transfected 3T3 cells were 
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used for positive selection. Clone BLTR-2 was selected as a clone that 
showed equal binding to non-transfected, CD32-transfected, and CD40L- 
transfected 3T3 cells, as determined by flow-cytometry at the scFv level. 

Competitive bio-panning 
Phage stock 

10^ cfu of CD40L specific phage (Kan") 

1 0^ cfu of mouse fibroblast general binder, phage (Amp*) 

10'^ cfii of R408 helper phage (no antibiotic resistance) 

CeUs - Positive (Second target ligand construct) 

Al. CD40L transfected mouse 3T3 fibroblasts 5x10* cells 

CI. 5x10*^ CD40L transfected mouse 3T3 fibroblasts only 

C2. 2.5x10* CD32 transfected mouse 3T3 fibroblasts only (limited) 

C3. 5x10* cells non-transfected mouse 3T3 fibroblasts only 

Cells - Negative (First Subtractor ligand construct) 

Al. CD32 transfected mouse 3T3 fibroblast membranes equivalent to 
2.5x10' cells. 

Method 

1. A 1 ml phage stock was pre-warmed at 37*'C for 15min (A 4ml 
phagestock was prepared by diluting CD40L specific phage and 
BLTR general mouse 3T3 cell anti-ligand phage to 10* cfii/ml and 
R408 helper phage to 10^** cfii/ml in 2% milk PBS. This phage stock 
was split to 4x 1ml, transferred to 1.5ml Eppendorf tubes and was 
used to perform competitive selections A and B, and conventional 
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pre-selection/ selections A and B). The phage stock was vortexed 
intermittently and centrifuged for 15min at fuU speed in an 
Eppendorf centrifuge. Where a precipitate had formed, the 
supernatant was transferred to a new Eppendorf tube. Skimmed milk 
was added to a concentration of 2%. 



2. Naive CD32-transfected 3T3 mouse fibroblast ceU plasma membrane 

preparations were thawed from 5x10* cells on ice. lO nl was saved 

for protein' concentration determination. Phage stock was re- 

10 suspended and mixed with a pipette. The stock was then incubated 

for 5 min on ice. 

3. 5x10* CD40L-transfected 3T3 or non-transfected 3T3 cells were 
centrifuged at 1300 rpm for 6min at 4°C. 



15 



20 



25 



30 



4. The supernatant was discarded and the CD40L-transfected 3T3 or 
non-transfected 3T3 cells were re-suspended in the milk-phage- 
negative cell membrane stock solution fi^om (step 2) and incubated at 
10'*C whilst undergoing slow (end-over-end) rotation for 4 hours. 

5. The cell/ cell membrane/ phage incubate was transferred to a 15 ml 
Falcon tube containing 10ml 40% Ficoll-Paque Plus and 2% BSA in 
PBS (with Ca and Mg) and centrifuged at 1500 rpm for 10 min at 
4''C. 

6. The supernatant was carefully removed by aspirating the uppermost 
supernatant first (saving the membrane fiBction separate (100|al) for 
subsequent titration), and then a sequential working down towards 
the cell pellet containing bound target phage particles. As much 
supernatant was removed as possible (saving 25^1 supernatant for 
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titration) and the cell pellet re-suspended in 500|xl of PBS-2%BSA. 
The wash performed in (step 5) is repeated once (saving the 
supernatant for titration). 

7. The cells are re-suspended in 1ml PBS, transferred to a new 15ml 
Eppendorf tube and centrifuged at 1260 rpm for 10 min at 4°C. The 
supernatant is removed using a pipette (saving the supernatant for 
titration). 

8. Phage were eluted from cells by the addition of 150^1 of 76mM citric 
acid (pH2.5) in PBS followed by incubation at room temperature for 
5 min. The mixture is neutralised by addition of 200^1 of IM Tris- 
HCl, pH 7.4. Centrifugation is repeated and the eluted phage saved. 

9. The cells are re-suspended in 1ml trypsm, transferred to a new tube 
and incubated for 10 min. They are then inactivate with 40|il Img/ml 
aprotinin and centrifuged, saving the supernatant for titration. The 
bacterial pellet is saved for infection of bacteria. 

Preselection Biopanning 
Phage stock 

10* cfu of CD40L specific phage (Kan") 

10* cfu of mouse fibroblast general binder phage (Amp*) 

10*° cfu of R408 helper phage (no antibiotic resistance) 

Cells Positive (Target) - CD40L transfected mouse 3T3 fibroblasts 5x10* 
cells 

CeUs Negative (Subtractor) - CD32 transfected mouse 3T3 fibroblasts 
2x10"^ cells 
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Method 

1. A 1 ml phage stock was pre-wanned at 37°C for ISmin and vortexed 
intermittently. The phage stock was centrifiiged for 15min at full 
speed in eppendorf centrifuge. Where a precipitate has fonned, 
supernatant was transferred to new eppendorf tube and skunmed 
milk added to a concentration of 2%. 

2. 2 xlO'' non-transfected 3T3 cells were centrifiiged at 1300 ipm, 6min, 
4'*C. The supernatant is discarded and the cells re>suspended by the 
addition of phage stock and by mixing with a 1ml pipette. This is 
then incubated at lO^C undergoing slow (end-over-end) rotation for 
4 hours. Then the cells are centrifiiged at 1300 ipm for 6min at 4**C, 
and the supernatant transferred to a new tube. 20\xl of supematant is 
saved for phage titration. 

3. 5x10* CD40L-transfected 3T3 cells were detached, washed and 
centrifiiged at 1300 rpm for 6min at 4°C. 

4. The supematant was discarded, and the CD40L-transfected 3T3 cells 
re-suspended in the milk-phage stock solution fi-om (step 2). This 
was then incubated at lO^C undergoing slow (end-over-end) rotation 
for 4 hours. 

5. The cell/ phage incubate is transferred to a 15 ml Falcon tube 
containing 10ml 40% Ficoll-Paque Plus and 2% BSA in PBS (with 
Ca and Mg) and then centrifiiged at 1500 rpm for 10 min at 4°C. 

6. The supematant was carefiilly removed by aspiration of the 
uppermost supematant jHrst then sequential removal working down to 
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the cell pellet containing bound target phage particles. As much 
supernatant as possible was removed (and saved) and the cell pellet 
re-suspended in SOO^tl of PBS-2%BSA. The wash as perfonned in 
(step 5) was repeat once (and saved for titration). 

7. Cells were re-suspended m Iml PBS and transferred to a new 15ml 
Eppendorf tube. They were then centrifiiged at 1260 ipm for 10 min 
at 4°C. The supernatant was removed using a pipette (and saved for 
titration). 

8. Phage were eluted from cells by addition of ISO^il of 76mM citric 
acid (pH2.5) in PBS followed by mcubation at room temperature for 
5 min. The mixture was neutralised by the addition of 200^1 of IM 
Tris-HCl, pH 7.4 and then centrifiiged and the eluted phage saved. 

9. The cells were re-suspended in 1ml trypsin, transferred to a new tube 
and incubated for 10 min. They were then inactivated with 40|al 
Img/ml aprotinin. The ceUs are centrifiiged and thie supernatant and 
pellet saved for infection of bacteria. 

Procedure for Phage amplification from bacteria (10 ml) 

1. Each expression is infected with 10 ml LB (100 ng/ml ampicillin,15 
|xg/ml tetracychne with 5 pil from the glycerol stocks) 

2. They were grown at 37°C and 175 rpm until OD«)o=0.5 and 6x10^ PFU 
of R408 helper phage per ml culture added and incubated for 30 minutes 
at 37''C and 50 rpm. 

3. IPTG solution was added to a final concentration of 100 pM and 
incubated overnight at 25*C and 175 rpm. 
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4. The following day the phage were harvested (as below). 
Harvest and PEG precipitation of amplified phage stocks 

5 

1. Bacteria were pelleted by centrifiigation for 10 min at 2100g / (3000 
rpm, in Beckman GS-6) at room temperature. 

2. The supernatant was sterile filtered through 0.2 nm sterile filter. Any 
10 supematants stemming firom the same selection were pooled. 

3. Phage were precipitated by adding % volume of phage precipitation 
buffer (20 % PEG 6000, 2.5 M NaCl) and were then incubated for at 
least 4 hours at 4°C. (Although this can be left incubating for weeks). 

15 

4. The preparation is then centrifuged for 30 min at 4°C and 13000g. 

5. The pellet is completely re-suspended in 500 \x\ PBS, (incubation at 
37°C with agitation for 1 hour) and then stored at 4°C over night 

20 

Titration of phage pools 

1. The phage stock was diluted in sterile PBS. (Suitable dilutions for eluted 
stocks 10 X, 10^ X, 10^ X, 10'* X, and for start stocks or amplified stocks 

25 lO^xlO^x, lO^x, lO'x). 

2. 100 Hi indicator bacteria (grown to OD6oo=0.5) were mixed with 10 nl of 
each phage dilution and incubated for 30 minutes at 37°C and 50 ipm. 
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3. They were then plated on LB agar plates (100 |ig/nil ampicillin, 15 
H-g/ml tetracycline, 1 % glucose) and incubated overnight at 37°C. 

4. The colonies were then counted and the titre calculated (CFU/ml), (CFU 
5 X dilution X 100). 

Plasma membranes preparation from CD32-transfected mouse 3T3 
cells 

10 1. Cells were grown to confluency in large (500 cm^) plates. Cells (1x10*^ 
were washed once with versene (50 ml PBS without calcium and 
magnesium containing 2 mM EDTA), and were then incubated with a 
small volume of versene (barely covering the cell mat) at 37''C in a cell 
incubator. 

15 

2. Cells were loosened by hitting the flask against the palm of a hand and 
then re-suspended in PBS (with Ca and Mg), centrifuged in 50 ml tubes 
for 7 min at 1200 rpm 4°C, and washed again in PBS (with Ca and Mg). 

20 3. Cells were washed once, re-su^nded in approximately 14 ml 0.145 M 
NaCl and transferred to a 15 ml test tube. They were then centrifuged for 
7 min at 1200 ipm, aspirated and re-suspended in 14 ml 0.145 M NaCl. 
Further centrifugation for 7 min at 1200 ipm was performed and the 
supematant removed and the cell pellets frozen at -80°C. 

25 

4. The pellet was re-suspended by vortexing in 8 ml (non-transfected) or 4 
ml (CD32 cells) of ice-cold Buffer A (10 mM Tris, 1 mM EDTA, 0.25 
M sucrose, pH 7.0 ) freshly mixed with PMSF (phenyhnethylsulphonyl 
fluoride) to a final concentration of 1 mM. 

30 
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5. The ceU suspension was homogenised by 20 strokes of a Bounce 
homogeniser (type B, pre-cooled) and the homogenate centrifuged in an 
Eppendorf centrifuge for 10 min at 6000 rpm at 4°C. 

6. The supernatant was coUected with a Pasteur pipette and the pellet re- 
suspended in 4 ml (non-transfected) or 2 ml (CD32 ceUs) of Buffer A & 
PMSF, then homogenised and centrifuged as above. The. supematants 
were combined and the pellet discarded. 

7. The supematants were layered using a Pasteur pipette, on top of 0.5 ml 
Cushion Buffer (Buffer C containing 37 % of final solution sucrose) and 
centrifuged for 60 min at 4''C using rotor SW 60.1 (pre-cooled) at 
30,000 rpm (100,000 x g). They were balanced carefuUy for this 
centrifiigation step (to <0.0005g difference between paired samples). 

8. The membrane layer (opalescent) was collected at the cushion interface, 
where it was tried to get all the material in a small amount of liquid. The 
collected material was then diluted with 4 vol. of cold Buffer C (10 mM 
Tris, 1 mM EDTA, pH 7.0 ) and centrifuged at 30,000g (rotor JA 25-50, 
20,000 rpm) for 30 min at 4°C. The resulting peUet was re-suspended by 
vortexing in 150^1 of cold Buffer C. The resuspended mixture was 
frozen and stored at -BO°C. 

9. Membrane protein concentration was determined by BCA kit (Pierce 
Biotechnology, Rockford, IL, USA) to 60mg/ml. 

Example 10 Further experimental testing of the equation (s) 



This example demonstrates a further experimental use of how the present 
invention may be used to isolate, from a highly diversified scFv phage 
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library, binders that are specific for cell surface antigens uniquely 
distributed on one cell population. 

The binder hit-rate following three rounds of competitive selection utilising 
5 the present invention is shown in comparison to that of a conventional 
negative pre-selection with a subsequent positive-negative selection (i.e. 
three rounds of selection). 

B lymphocytes express a number of cell surface antigens that are not 
10 normally found on T lymphocytes. Such antigens include the B cell 
immunoglobulin receptor and co-receptors thereof (CD19, CD21), the 4 
transmembrane spanning ion channel CD20, and the Fey receptor CD32. 

B cells, however, express cell surface antigens that are also found common 
15 to T lymphocytes, including integrin receptors e.g. LFA-1 (CDlla/CD18), 
VLA-2, and VLA-4, ICAM-1, complement deactivating receptors e.g. DAF 
and Protectin, and cytokine receptors like IFN-yR and TNFR. Hence, B and 
T cells provide an attractive model system to test the applicability of 
competitive biopamiing firom a phage scFv display library. 

20 

In this experiment 2xl0" phage particles from the highly diversified n- 
CoDeR library comprising some 10^** genotype unique binders are mixed 
with whole B lymphoma cell line Ramos cells (positive selection), and 
plasma membrane or crude membrane vesicles fi^om the T leiikaemia cell 
25 line Jurkat (negative selection). Binders specific for antigens that are 
uniquely expressed on the B lymphoma cell line Ramos, compared to the T 
cell leukaemia cell line Jurkat, are to be selectively isolated. 

Positive and negative cell number calculation for selection 

30 
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Cell numbers to be used in the different selections round were calculated 
using equation VI. Reaction parameters used for calculations were as shown 
in Table m (niA & IIIB). 



5 Table HI 

niA 



Competition selection 


Antigen Expression 
(Antigens/cell) 


Phagemid specificity 


Positive cell 
expression 


Subtracter cell 
expression 


+ Cell (B Cell) Restricted Antigen 


l.OOE+05 


O.OOE+00 


+ Cell (B Cell) Enhanced Antigen 


l.OOE+05 


l.OOE+03 


+ Cell (B Cell) Enhanced Antigen 


l.OOE+05 


l.OOE+04 


+ Cell (B Cell) Enhanced Antigen 


5.00E+04 


l.OOE+03 


+ Cell (B Cell) Enhanced Antigen 


5.00E+04 


l.OOE+04 


+ Cell (B Cell) Enhanced Antigen 


l.OOE+04 


l.OOE+03 


(B CelVT Cell) Commonly expressed 
antigen (highly expressed) 


l.OOE+06 


l.OOE+06 


(B Cell/T Cell) Commonly expressed 
antigen (moderately expressed) 


l.OOE+05 


l.OOE+05 


- cell (T cell) restricted Antigen 


0 


l.OOE+05 


Non-binder 


0 


0 




AF(R1-R2) 


1.50E+03 


AF(R2-R3) 


6.00E+04 


Kd 


l.OOE-08 


Avogadro's Constant 


6.02E+23 


Genotype specific phage input Rl 


2.00E+02 


Reaction volume V(L) Rl 


2.00E-03 


Reaction volume V(L) R2 


5.00E-04 


Reaction volume V(L) R3 


5.00E-04 






Number of + cells 
(B cells) used in 
selection rounds 


- Cell equivalents 
(T cell membrane 
vesicles) 


Rl 


5.00E-K)7 


2.00E+09 


R2 


5.00E+06 


l.OOE+09 


R3 


5.00E+06 


l.OOE+09 
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niB 



Phage particles recovered on positive 
cell 


Rl 


Phage 


Recovereci* 




input 




frequency 


2.00E-K)2 


59 


0.296 


2.00E+02 


53 


0.264 


2.00E+02 


27 


0.133 


2.00E+02 


30 


0.152 


2.00E+02 


14 


0.073 


2.00E+02 


7 


0.035 


2.00E-K)2 


5 


0.024 


2.00E+02 


5 


0.023 


2.00E+02 


0 


0.000 


2.00E+02 


0 


0.000 


R2 


Phage 


Recovered* 


Relative 


input 




frequoicy 


9.E-K)4 


1.3E+04 


0.482 


8.E+04 


8.7E+03 


0.336 


4.E+04 


1.5E+03 


0.953 


5.E+04 


2.7E+03 


0.102 


2.E+04 


4.1E+02 


0.016 


l.E+04 


1.3E+02 


0.005 


7.E+03 


3.6E+01 


0.001 


7.E+03 


3.3E+01 


0.001 


O.E+00 


O.OE+01 


0.000 


O.E+00 


O.OE+00 


0.000 


R3 


Phage 


Recovered* 


Relative 


input 




frequency 


8.E+08 


l.lE+08 


0.60022 


S.E+OS 


5.8E+07 


0.32542 


9.E+07 


3.3E+06 


0.01855 


2.E+08 


9.4E+06 


0.05248 


2.E+07 


4.6E+05 


0.00259 


8.E+06 


9.4E+04 


0.00053 


2.E+06 


l.lE+04 


0.00006 


2.E+06 


9.7E+03 


0.00005 


O.E+00 


O.OE+00 


0.00000 


O.E+00 


O.OE+00 


0.00000 
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Table m Selection reaction parameters used in the whole Cell (Ramos)/ 
membrane vesicle (Jurkat) competitive biopanning. Kd = lowest relevant 
affinity of target ligand specific anti-ligands to be isolated, genotype 
specific phage input Rl = anti-ligand ^hage scFv copy number of starting 
anti'ligand library), AF— amplification factor used to calculate phage input 
into selection rounds R2 and R3 following elution and amplification of 
phage from rounds Rl and R2 respectively. Relative frequency = the 
expected frequency of isolated anti-ligdnds with specificity for antigen 
belonging to one antigen category compared to all anti-iigands isolated. 

Positive and negative cell numbers were chosen such that, following three 
rounds of selection, binders with specificity for antigens expressed uniquely 
on B cells will be enriched 10,000-fold over an antigen expressed at equal 
density on B and T cells. 

The input number of phage binders specific for different categories of 
antigen (positive cell enriched, positive cell unique, or positive/ negative 
cell commonly expressed antigen) in selection rounds 2 and 3 was 
calculated by multiplying the calculated number of eluted phage, specific 
for different categories of antigen following selection rounds 1 and 2, with 
tiie amplification factor (AF). 

The amplification factor was obtained by dividing total number of amphfied 
phage following the relevant selection roimd with the total number of eluted 
phage from the same selection round. 

Figures 8A and 8B show the comparison of biopanning by the present 
method and by previously known methods on B cell (Ramos) versus T cell 
(Jurkat) scFv clones. The B cell reactivity and specificity of ScFv's isolated 
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using the invention is dramatically enhance compared to that of ScFv 
selected by conventional biopanning. 

Experimental Methods 

5 

Cell cultures 

The Jurkat T cell line, clone E6-1, and the Ramos B lymphoma cell line, 
were obtained firoin ATCC and cultured in RPMI 1640 supplemented with 
10 10%FCS (heat-inactivated for Ramos Cells only), lOmM HEPES and ImM 
Sodium pyruvate, in a humidified atmosphere at 37°C. The cells were 
maintained at 1-2x10^ cells/ml (<lxlO^ cells/ml for Jurkat). 

Jurkat T cell plasma membrane preparation 

15 

Jurkat cell culture 

Jurkat E6-1 cells were maintained in RPMI- 1640 with Glutamax I (Gibco, 
#61870-010) supplemented with 10% foetal calf serum (Gibco, Lot no 
20 1128016) ImM Sodium pyravate (Gibco) and lOmM Hepes buffer (Gibco) 
in a hiraiidified atmosphere of 5% CO2 at 37°C, and at cellular densities 
between 1x10^ to 1x10^ cells/ml. In the final passage, cells were allowed to 
reach a maximal density of 2x10^, at which point they were harvested. 

25 Cell disruption 

1 . Cells were harvested from culture by centrifugation in 500ml Centrifuge 
tubes (Coming, #431123) placed in tube adapters, 1500 rpm, 15min at 
4°C. 

30 
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2. The supernatant was discarded and washed in 0.1 45M NaCL Cell 
suspensions were pooled, cells counted (5x10^ cells total), and 
centrifugation repeated. 

3 . Cell disruption was performed by hypo-osmotic shock in ImM NaHCOs 
L5mM MgAc pH 7.4 on ice for 10-30min and subsequent nitrogen 
cavitation occurred in a Yeda press, 40 bar (4000 kPa) for I Smin at O^'C. 
Cell concentration did not exceed 5x10^ ceUs/ml. 

4. Following disruption 150|il 0.5M EDTA was added to the homogenate 
suspension to yield a final EDTA concentration of ImM (addition of 
EDTA prevents aggregation of membrane vesicles). 

5. A) Grade membrane isolation: The homogenate (50ml) was centrifiiged 
for lOmin at 1900g (4000 rpm in a SS34 rotor) to remove unbroken cells 
and nuclei, and the supematant collected. Washing and re-centrifiigation 
of pellet was avoided, as the fragile nuclei tend to disrapt, causing DNA 
leakage and aggregation; or 

B) Plasma membrane isolation: 10ml of 37.2% sucrose was layered at 
the bottom of 6x 38.5ml Beckman ultra centrifugation tube, and 6x27 ml 
of the cell homogenate from step 2 above was carefully layered on top. 
The tube was centrifiiged at 27000 rpm in a swing-out SW28 rotor (6x 
39ml nominal capacity) for 2h 45min at 4^C. Plasma membranes were 
isolated from the tubes as the white band of the interphase between the 
sucrose cushion and the sample phase, and PM were pooled, split 
between 4x 35ml tubes and diluted in TE buffer (ImM Tris / 0.25M 
sucrose/ 0.25M EDTA buffer) to a total volume of 35ml. 
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6. Ultra-centriftigation was in a Beckman Type 45 .Ti rotor (nominal 
capacity 6x 94ml Nalgene tubes) at 40.000 rpm (approx. 200.000xg) for 
lhat4°C 

7. The supematants were discarded and any remaining buffer was removed 
using a 1ml Finnpipette. The plasma membrane pellets were scraped off 
the bottom of tubes with a metal bar, and transferred to a small dounce 
homogeniser. Pelleted membranes . were re-suspended by 
homogenisation in a total volxraie of 2.5ml TE-buffer containing lOmM 
Hepes (lOmM Hepes / ImM Tris / 0.25M sucrose / 0.25M EDTA 
buffer) by 5-10 strokes with a loose fitting Doimce glass piston. 
Approximately, membranes derived from some 2x10^ Jurkat cells can be 
resuspended per ml of resuspension (TE) buffer. 

Protein concentration determination 

Protein concentration determination was performed using the BCA kit 
according to the manufacturer's instructions. Briefly, a double BSA 
standard was prepared by 2-fold dilutions (lOp.1 sample + 10m,1 buffer) in 
PBS of a 2mg/ml BSA stock solution. A standard curve was generated and 
used to determine the total protein concentration of membrane samples. 

Plasma membrane activity (by Alkaline phosphatase assay) 
Alkaline phosphatase solutions 
Substrate solution: 

1 tablet p-NPP per 10ml borate buffer (1.5mg/ml final 

concentration) in 

SOmM sodium borate buffer (pH 9.8), l.OmM MgCl2 
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Triplicate samples were diluted in Borate/MgC12 buffer by transferring 50|il 
sample to 50|a1 dilution buffer (SOniM sodiiun borate buffer (pH 9.8), 
l.OmM MgCla). 200ki1 substrate solution (1 tablet p-NPP per 10ml borate 
buffer to L5mg/ml final concentration in 50mM sodium borate buffer, pH 

5 9.8, l.OmM MgCla) was added to two of three samples for each dilution. 
The samples were then incubated at 2>TC for 60 plus minutes. The 
absorbance of the supematant was measured at 410 mn, and the values firom 
appropriate control well(s) (e.g. total Nitrogen cavitated cell homogenate, 
nuclei and heavy mitochondria excluded) where substrate was not added 

10 were subtracted. The resxilts were plotted and analysed. 

Selection procedure: Competitive bio-panning protocol 
Reaction parameters 

15 

1^^ selection round 

n-CoDeR Lib2000 phage stock comprising 10^^ genotype unique phagemid 
particles (AmpO amplified to 2x10^^ total pfu in 1.6ml 2% milk-PBS (with 
20 CaandMg). 

Total reaction volvime 2.5ml 

Positive - 5x10^ Ramos B cell lymphoma cells 
25 Negative - Jurkat T cell cmde membranes derived fi-om 2x10^ cells 

2"^ selection round 



1.5x10^^ phage eluted firom previous selection round and then amplified, 
30 precipitated and re-suspended in 100|li1 2% milk-PBS (with Ca and Mg) . 
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Total reaction volume 0.5 ml 

Positive - 5x10^ Ramos B cell lymphoma cells 
5 Negative - Jurkat T cell cmde membrane vesicles derived from 1x10^ cells 

3rd selection roimd 

1x10^^ phage eluted and amplified from previous selection round re- 
10 suspended in lOOul 2% milk-PBS (with Ca and Mg). 

Total reaction volume 0.5 ml 

Positive - 5x10^ Ramos B cell lymphoma cells 
15 Negative - Jurkat T cell plasma membrane vesicles derived from 1x10^ cells 

Method 

A 2 ml phage stock was pre-warmed at 3TC for 15min and vortexed 
20 intermittently. The phage stock was centrifuged for 15min at full speed in 
an eppendorf centrifuge. Where a precipitate had formed, the supematant 
was transferred to a new eppendorf tube and resuspended in non-fat milk to 
a final concentration of 2%. 

25 Thaw control Jurkat cell plasma membrane preparations from 2x10^ cells 
(1x10^ cells biopanning rounds 2 and 3) on ice. (10 jil was also saved for 
protein concentration determination.) The thawed plasma membrane 
preparations were resuspended by adding phage stock and by mixing with a 
pipette and subsequently incubated for 15 minutes on ice. 

30 
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8 6 

5x10 (5x10 ceUs biopaBning rounds 2 and 3) Ramos cells were 
centrifuged at 1200 ipm, 6min, A^'C. 



The supernatant was discarded and the Ramos cells resuspended in the 
5 miDc-phage-negative cell membrane stock solution from biopanning round 2 
and incubated at 10°C and subjected to slow (end-over-end) rotation for 4 
hours. 

The cell / cell membrane / phage incubate was transferred to a 15 ml Falcon 
10 tube containmg 1 ml 100% (trypan blue stained) FicoU at the bottom, and 9 
ml overlaid 40% Ficoll-Paque Plus in 2% BSA/PBS (with Ca and Mg). 
Centrifuge at 1500 rpm for 10 min, 4°C. The tube was rotated 180° and 
centrifixged for a further 1 minute in order to dislodge cells from the tube 
wall. 

15 

The interface containmg whole Ramos cells and bound phage was carefully 
aspirated using a syringe and a higher gauge needle (e.g. Microlance 3 - 
19GA11/2 1,1x40 TW PM). The needle is inserted just below the cell- 
containing interface with the bevelled end of the needle facing up. The cell 

20 layer is collected (approximately 150|iil) and the needle pushed through the 
plastic of the tube opposite to the entrance hole. The contents of the syringe 
are expelled into a fresh tube, and washed twice by sucking up fresh PBS 
into the needle (still situated as piercing the tube). The harvest cell 
suspension was resuspended in 500^1 of PBS-2%BSA and washing 

25 repeated, saving the supernatant for titration. 



Cells were resuspended in 1ml PBS and transferred to a new 15ml 
Eppendorf tube in which they were centrifuged at 1260 rpm for 10 min, 
4^C. The supematant was removed using a pipette, saving the supematant 
30 for titration. 
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The phage were ehited from cells by addition of 150^1 of 76mM citric acid 
(pH2.5) in PBS followed by incubation at room temperature for 5 min. The 
mixture was neutralised by addition of 200|al of IM Tris-HCl, pH lA. The 
5 cells were then centrifuged and the eluted phage saved. 

The cells were resuspended in Iml trypsin and transferred to a new tube and 
incubated for 10 min before^inactivation with 46|il Img/ml aprotinin. The 
cells were centrifuged, saving the supematant for titration. 

10 

Control selection protocol 

Control selection was performed using conventional negative pre-selection 
and subsequent positive selection using cell concentrations. 

15 

Reaction parameters 
Cells 

20 In all selection rounds 

Total reaction volume 4ml 

Negative pre-selection - 1x10^ Jurkat T cell cells 

Positive - 2x10^ Ramos B cell lymphoma cells 

25 

1^ selection round 



30 



n-CoDeR Lib2000 phage stock comprising 10 genotype imique phagemid 
particles (Amp") amplified to 2x10^^ total pfii in 2.5 ml 2% milk-PBS (with 
Ca and Mg) 
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2^^^ selection round 

2.6x10^^ phage eluted from previous selection round and then amplified, 
5 precipitated and re-suspended in 2.5ml 2% milk-PBS (with Ca and Mg) 

3rd selection round 

5.4xl0'° phage eluted and amplified from previous selection round re- 
10 suspended in 2.5ml2% milk-PBS (with Ca and Mg) 

Method 

A 2.5 ml phage stock was pre-wanned at 37°C for ISmin and vortexed 
15 intermittently. The phage stock was centrifuged for ISmin at full speed in 
an eppendorf centrifuge. Where a precipitate has formed, the supematant 
was transferred to a new Eppendorf tube and subsequently resuspended in 
non-fat milk to a final concentration of 2%. 

20 1x10* Jurkat T leukaemia cells were centrifuged at 1200 rpm, 6min, 4*0 
and resuspend m 1.5ml 2% milk-PBS and subsequently by adding phage 
stock and by mixing with a pipette. They were then incubated for 24 hours 
at slow rotation, 4°C. 

25 The cell-phage incubation mixture was centrifuged at 300g for 6 min, 4'*C. 
The supematant was discarded and washed three times in 15ml PBS, re- 
centrifiiged and the sup^natant collected. 
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2x10^ Ramos cells were centrifuged at 300xg, 6miii, 4°C and resuspended 
in a collected phage mixture from negative pre-selection and incubated at 
4*^C for 4 hours with slow agitation. 

5 The Ramos/ phage incubation mixture was centrifuged and the supematant 
discarded and the Ramos cells washed three times in 1 5ml PBS. 

Phage were eluted from cells by addition of ISOjil of 76mM citric acid 
(pH2.5) in PBS followed by incubation at room temperature for 5 min. The 
10 mixture was neutralised by addition of 200til of IM Tris-HCl, pH 7.4. The 
cells were centriftiged and the eluted phage saved. 

The cells were re-suspended in 1ml trypsin, transferred to a new tube and 
iucnbated for 10 min. They were then inactivated with 40|j1 Img/ml 
15 aprotirdn, centrifuged and the supematant saved for titration. 

Amplification on large plates following selection rounds 1 and 2 

1. 3 X 10 ml HBIOIF' tubes were started (one for each selection to be 
20 performed + one for OD600 measurement) 2.5-3 h before use. 50 \il 

overnight culture to 10 ml LB containing 15 |ag/ml tet was used. OD is 
checked on one culture after approximately 2.5 h 

2. The tubes were infected witii half the eluted phage at ODgoo = 0.5 

25 

3. The tubes were incubated for 30 minutes at 37*'C and 50 rpm, and for 
proper phenotyping an additional 30 min at 37°C, 200 rpm. 



4. The bacteria were concentrated (10 ml) by centrifugation for 10 minutes 
30 at2060xg (3000 rpm BeckmanGS-6). 
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5. They were then resuspended in part of the supernatant (approximately 3 
ml) and spread on a large 500 cm^ plate (100 |ig/ml amp+15 fxg/ml 
tet+1% glu) /selection. 

5 

6. The plates were then incubated over night at 30°C. 

7. The bacteria were collected from the plates by adding 5 ml of LB (100 
Jig/ml ampicillin, 15 |ig/ml Tetracycline) pCT plate and the bacteria 

10 scraped off. The plate was tilted and the solution aspirated. 

8. The plates were WEished with an additional 3 ml LB medium as above 
and pooled with the first bacterial suspension in a 50 ml Falcon tube. 

15 9. The bacteria were concentrated by centrifugation for 10 minutes at 
2100xg^ /3000 rpm, Beckman GS6 at room temperature and resuspended 
in 1 ml of LB (+ 100 (ig/ml Amp and 15 [ig/nA Tet). 

10.500 |4.1 50 % glycerol was added to 1 ml (transferred from a larger 
20 volume as used in 5) and the glycerol stock frozen at -80°C. 

1 1. 2 xlO ml LB + amp (100 |Lig/ml)+ tet (15 ^ig/ml) was infected with 2.5|xl 
(5 \il ) of the glycerol stock of step 10, and grown until OD6oo=0.5. 

25 12.6x10^ PFU of R408 helper phage were added per ml culture and 
incubated for 30 minutes at 3TC and 50 rpm. 

13.IPTG solution was added to a final concentration of 100 pM (i.e. 2 p.1 
from 0-5 M stock per 10 ml culture and incubated overnight at 25°C (pili 
30 formation is inhibited at greater temperature) and 175 rpm. 
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Harvest and precipitation of amplified pliage stocks 

1. Bacteria were pelleted for 10 minutes at room temp. 2100xg^ (3000 rpm, 
5 in Beckman GS-6) and the supernatant sterile filtered through 0.2 jxm 

sterile filter. 

2. The appropriate tubes were pooled and the phage precipitated by adding 
14 volume of phage precipitation buffer and incubated for at least 4 hours 
at 4°C (and can be incubated for weeks). 

10 

3. The tubes were then centrifiiged for 30 minutes at A^'C and 13000xg. 

4. The pellet was resuspended completely in 100 |iil PBS over night at A'^C. 

15 Titration of phage 

Materials: Overnight culture of E.coU HB lOlF' 
v-bottom microtitre plate 
IxPBS (sterile) 
20 LB-medium 

LA+amp (100|j.g/ml)+tet (15 |Lig/ml)+ 1% glucose plates 

1. 10 ml LB+tet (15 jig/ml) was inoculated with 100 pi of an over-night 
culture of E.coli HBlOl F' and incubated at 37°C, 175 rpm, until ODeoo 

25 = 0.5 (approx. 2 - 2.5 h). 

2. For amplified phage stocks, the phage were diluted 10^ times in PBS in a 
v-bottom microtitre plate before infection. Eluted phage are used 
undiluted for infection (see below). 

30 
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3. When the E. coli cells reached OD600 = 0.5, 100 \i\ of the culture was 
transferred to every second well of the first column of wells on a v- 
bottom microtitre plate. The three following weDs in the row were filled 
with 90 |Lil LB-medi\un. 

5 

4. 10 Kil of the phage stocks were transferred (diluted or undiluted as 
above) to 1 00 fil bacteria in the microtitre plate and incubated for 30 min 
atST^'C, 50rpm. 

10 5. The infected bacteria were diluted by sequentially transferring 10 [id 
firom each well to the next well fiilled with 90 ^il LB. 

8. 10 ixl fi-om each well was spotted onto a dry LA+amp+tet+1% glu plate using a 
multi-channel pipette with every second tip removed, i.e. with only four tips. 4x5 

15 spots were spotted onto on each LA plate and allowed to dry before inverting the 
plates for incubation at 

9. The colonies were counted and the titre (CFU/ml) calculated, (CFU x 
dilution X 100). 

20 



Titrations performed 
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Table IV 







Dilutions 


After 
Selection 
Round 1 


Start pool 


10 xlO X 10 xlO xlO 


HBIOIF' BnonT-C.l eluate 


lO^x lO^x lO^xlO^xlO*' 


Aiier 

Selection 

Round! 


JrlDlUlr ononl-L/.l amplinecL 


lU XiU X iU XlU XlU 


HBIOIF' BnonT'C.2 
• 


lO^x lO^'x lO'x 10*x 10^ 


After 

Selection 

Rounds 


HB101F''BnonT-C.2 ampUfiwl 


lO^xlO'x Id'xl0'"xl0" 


HBIOIF' BnonT-C.3 


lO^x lO^x lO'x 10*x 10^ 



5 Amplification on plates for glycerol stocks, and over night culture for 
minipreps (following selection round 3). 

Reaction materials 

10 3 X 10 ml HBIOIF' with OD 0.5 are needed (10 ml for each target and 10 
ml for titration) 

3 large 500 cm^ plates are needed (amp+tet+glu). 
Method 

15 

For each selection: 

1. Half of each eluate from selection 3 is used to infect 10 ml log phase 
bacteria (ODeoo = 0.5) which are then incubated for 30 min. at 50 
rpm and grown for 30 min at 175 rpm.10 ml warm media 
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containing 200 iig/ml Ampicillin is added and divide in 2 parts of 10 ml 
each. 

2. The bacteria were concentrated (10 ml) by centrifugation for 10 minutes 
5 at 2100xg /3000 rpm, Beckman GS-6 at room temperature and 

resuspended in a smaU volume to be spread on one 500 cm^ plate (100 
|j.g/ml amp+15 |Jig/ml tet+1 % glu) and grown over night at SO^'C. 

3. Miniprep: 10 ml were spun down and resuspended in 6 ml LB 
10 containing 0.1% glucose and 100 p.g/ml amp and Grow over night at 

30X. 

4. The bacteria were collected from the plates by adding 3-5 ml of LB (100 
ILig/ml ampicillin, 15 ^ig/ml Tetracycline) per plate and scrape of 

15 bacteria. Tilt the plate and aspirate the solution. 

5. The bacteria were concentrated by centrifugation for 10 minutes at 
2100xg /3000 rpm, Beckman GS6 at room temperature and resuspended 
in 1 ml of LB (+ Amp/Tet as above). Add 500 iliI 50 % glycerol and the 

20 glycerol stock frozen at -80°C. 

6. Minipreps were prepared from 3 ml of culture according to protocol 
from the kit manufacturer (BioRad). 

25 Conversion to scFv format after selection 3 

The pMil vector was digested with Eagl, an enzyme that cuts on both sides 
of gene III. The vector was then re-ligated followed by a killer cut using 
EcdRl. This enzyme has a site in gene HI and thus will destroy non- 
30 converted vectors. 
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A digestion mix was prepared using. 

Phagemid 6.25 [il (o!21-0.66 ng) 

5 NEBuffer 3 0.75 ^il 

Eagl (10 U/nl) 0.5 Hi 

MQ-H2O Added to 7.5 nl and incubated at 37**C for 2 h with heat 

inactivation for 20 min at 65°C 

1 0 Ligation of the vector is perfonned with 

Eagl digested phagemid 3 \il 
MQ-H2O 20 \il 

Incubated for 5 min at 45°C and put on ice. 
15 5x ligase buffer 6 jil 

T4 DNA Kgase (1 U/^1) 1 ^1 

30 ^il Incubated for 2 hours at room 
temperature and heat inactivated at 65°C for 10 
minutes. 

20 

The killer cut is performed with 

Ligated material 30 \il 
10xREACT®3 3.6^1 
25 EcoKL (10 U/^1) 2 III 
IMNaCl 0.4^1 
MQ-H2O 4 [xl 

40jxl incubated for 90 min at 37^C and heat 
inactivated for 10 minutes at 65°C 
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The ligate is stored at 4"" until used. 
Transformation 

5 

The ligate produced above was transformed into E, colt TOP 10, see table 
below. 

One tube (100 |xl/tube) of chemically competent TOPIC cells were thawed 
10 and incubated on ice for 10 min. 10 ng ligate were added per tube (3.2p.l 
ligates made above) and incubate on ice for 30 min. 

The tubes were then incubated at 42''C (water bath) for 90 s, and further 
incubated on ice for 1-2 min. 

15 

900 III LB was added to each tube and incubated at 37°C, 1 h, 200 ipm. 

The content of each tube was spread on one large LA-Amp (100 p.g/ml)-Glu 
(1%) plate, and incubated overnight at 37*^C. 

20 

Colony picking 

A total of 960 clones were picked from each of the two selections from the 
large LB plates to 10x96 well microtitre plates using a Genetix "Q-bot" 
25 colony picking system. 

1) LB media was mixed with appropriate antibiotics and glucose 1% and 
Gremer Flat 96 well 655501 plates filled with media, 150 nl/well. 
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2) Colonies were picked with the Q-Bot according to the protocol, and the 
plates incubated at 37^C over night without shaking. 

Expression of clones in 96 well format 

5 

1) The expression plate (Greiner Round 96 well 650101) was iBUlled with 
media 100 [il/well including appropriate antibiotics and inoculated with 
5 iLil/well from the master plate and the expression plate incubated at 
37^C, 600 ipm for 3.5 h. 

10 

2) The production of scFv was induce with 25 ixV well of media including 
appropriate antibiotics and 2.5mM BPTG. 

3) The expression plate was incubated for 10 h at 37°C, 600 rpm. 

15 4) 80 ^il of IM PBS was added to the filter plate and filter added to the 
stock plate. 

5) 80 jil was transferred from the expression plate to the filter plate and 
filter to the stock plate. The Stock plate was stored at +4''C. 

20 

Screening of clones in 96 well format 

Clones were screened in a macro confocal FMAT 8100 HTS system 
(Applied Biosciences, Foster City, CA, USA). Gates were set using B and T 
25 cell specific monoclonal antibodies (anti-CD 19 and anti-CD3 respectively) 
so that B cell positive signal was obtained only by staining with anti-CD 19 
primary antibody, and T cell positive signal only with anti-CD3 primary 
antibody. (FLK10666, FL2<2026, Colour:0. 17-0.425, Size 10.0-66.66). 



30 
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Materials: 

aCD45 0.5 mg/ml (ED Biosciences cat no 555480) 

aCD19 0.5 mg/ml (BD Biosciences cat no 555410) 

aCD3 0.5 mg/ml (BD Biosciences cat no 555330) 
5 Purified clone 31 0.154 mg/ml 010515 KMN 

a-HIS (R&D Systems MAB050, 8.43 mg/ml) 

amouse-Cy5 (Amersham Bioscience PA45002) 

PBS (Gibco, Cat no 14040-091) 

Hepes Buffer (Gibco, Cat no 1 5630-056) 
10 Buffer: PBS+10 %Hepes buffer 

Cell media: RPMI 1640 with 10 %FCS, lOmM Hepes, ImM Sodium 

Pyruvate 

LB media 

IS Method 

1) 10,000 cells / well diluted in cell media, were added to 40\d I well 
incubate grow on at 37''C, 5% CO2. 

2) 10 nl/well of scFv were added to one plate with B cells and one plate 
20 with T cells. Also added were a-CD45 to column 2, a-CD19 to column 

3 and a-CD3 to column 4, and the plates incubated for 1 hour. 

3) a-mouse-Cy5 diluted in buffer were added, 20 jil/well (dilution 1:1000, 
final dilution, working dilution 1:286) to the control plates, amouse cy5 
+ oHis diluted in buffer (dilution 1:1000 and 1:5000 final dilution, 1:286 

25 and 1 : 1429 working dilution) were also added. 

4) The plates were read on the FMAT 8100 HTS systems after 4h. The 
reading repeated after an over night incubation. 
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Example 11 -Pharmaceutical compositions 

A further example of the invention provides a pharmaceutical composition 
comprising an anti-ligand (the active ingredient) isolated according to the 
method of the invention. 

The aforementioned compounds of the invention or a formulation thereof may 
be administered by any convrational method including oral and parenteral 
(e.g. subcutaneous or intramuscular) injection. The treatment may consist of a 
single dose or a plurality of doses over a period of time. 

Whilst it is possible for a compound of the invention to be administered alone, 
it is preferable to present it as a pharaiaceutical formulation, together with one 
or more acceptable carriers. The carrier(s) must be "acceptable'' in the sense 
of being compatible with the compound of the invention and not deleterious to 
the recipients thereof. Typically, the carriers will be water or saline which 
will be sterile and pyrogen free. 

Example 12 - Screening without cell culture 

The present invention allows for biomarker and target discovery directly at 
the protein level by use of e.g. highly diversified molecular libraries. The 
present prophetic example demonstrates its applicability for selective 
isolation of binders with specificity to antigens upregulated or unique in one 
plasma sample (e.g. from a cancer patient) compared to another (from a 
healthy control). 

A highly diversified molecular library containing lO" genotype unique 
members at a binder copy number of approximately twenty (effective 
number of binders displaying binding ability, non-displaying examples are 
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removed by means of affinity purification) is precipitated by 
polyethyleneglycol treatment and re-suspension in 20^1 10% milk-PBS 
solution. Isolated binders from selection using this library have nanomolar 
affinity (Kd=lxlO"^ for the relevant antigen, 

5 

Whole plasma (albumin and some other high abxmdance large protein tbat 
are not suspected to differ between the two patients are removed by size 
exclusion chromatography) from a cancer patient and a healthy control are 
collected and treated as follows: 

10 

The cancer patient plasma sample is split and biotinylated at three different 
amino acid positions, in order to minimise the loss of relevant antigen 
epitopes being destructed by the chemical biotinylation process. 

15 The control plasma is subjected to a mock treatment (treatment without 
addition of biotin). Control plasma is then concentrated forty times by 
appropriate treatment, and is subsequently mixed with the plasma sample 
from the cancer patient in equal volumes (total volume = 1 .0ml). 

20 The mixture produced is mixed with the blocked molecular library above, 
and the produced plasma/ binder mixture is incubated over night at 4°C at 
slow end-over-end rotation. 

Following selection biopanning, capture beads e.g. streptavidin coated 
25 magnetic particles (streptavidin coated jiMACS from Miltenyi, USA; bead 
diameter = 50nm) are added and used to isolate biotinylated proteins from 
the cancer patient plasma sample and antigen boimd molecular library 
binders (Siegel et al, 1997). 
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The magnetic beads are added at a molar ratio sufBcient to capture all 
biotinylated antigen added (equivalent of total cancer patient biotinylated 
plasma protein concentration). 

5 The mixture is transferred to a magnetic separation column pre-treated as 
described by Siegel, L. et al, J Immunol Methods, 206 (1997), pp73-85: 

1. Before addition of selection suspension, the MACS colunm is. loaded 
with 2%BSA-PBA (BPBS) to fill the lower part (that will later be 
10 outside the magnetic field), and so. that subsequently added selection 
mix will distribute evenly through tiie "magnetic" part of the column 
without clogging. A 30-gauge x 1/2 inch needle is mounted at the 
colurons outiet port to restrict the flow rate to -10p,l/min. 

15 2, Once loaded, the colunm is placed inside the magnet for 2min. 

3. A total of 3 washes with BPBS are performed for each selection round, 
the first of which is performed with the needle attached to the column 
outlet port, and subsequent washings performed without a flow- 

20 restricting needle (flow-rate -'200iJ.l/min). 

4. Following the last wash, the colxman is removed from the magnet and the 
bead-coated/phage coated/biotinylated antigen are flushed off the 
column with 500p<l PBS using the plunger from a 5-cc syringe (Beckton- 

25 Dickinson, Franklin Lakes, NJ, USA). 

5. Elution is achieved by acid, base or otherwise suitable means (e.g. 
enzymatic cleavage if the molecular library members contain a specific 
enzyme cleavage site) 

30 
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6. The beads are centxifuged, and eluted binders are saved and titrated. 

Using the above e7q>erimental set-up, one may expect to isolate binders with 
specificity for antigens 10-fold or more iqn-egulated (or uniquely present) in 
the patient plasma sample compared to the control plasma sample and 
present at sub-nanomolar levels (or greater) in the cancer patient sample, 
whilst eliminating binders with specificity for antigens present at equal 
abundance in the original cancer patient ant control patient samples. 

Table V shows e^spected relative numbers (theoretical, assuming no 
dissociation of nanomolar binders during washing) of binders with 
specificity for different categories of antigen. 
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Table V 



Binder Category 


Cancer patient plasma 
antigen concentration 
(moles/ litre) 


Healthy control 
plasma antigen 
concentration 
(moles/ litre) 


Kd=lxl0-^M 
antigen 
snecific 
binder copy 
number input 


Binders 
isolated 

±\JX1%J W1JLI& 

biopanning 


Positive cell 
restricted antigen 


3.3x10"^ 


O.OOE+00 


2.00E+0 


19 


Positive cell 
enriched antigen 


3.3x10"*' 


3.3x10"^ 


2.00E+01 


4 


Positive cell 
enriched antigen 


3.3x10'^ 


3.3x10-'" 


2.00E+01 


14 


Positive cell 
enriched antigen 


3.3x10-^ 


3.3x10-'" 


2.00E+01 


4 


Positive cell 
enriched antigen 


3.3x10-'" 


3.3x10'" 


2.00E+01 


2 


Positive cell 
enriched antigen 


1x10-'" 


0 


2.00E+01 


1 


Common antigen 
(highly expressed) 


3.3x10-'' 


3.3x10-^ 


2.00E+01 


0 


Common antigen 
(moderately 
expressed) 


3.3x10' 


3.3x10-' 


2.00E-K)1 


0 
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The molecular library may be substituted for by synthetically produced 
chemicals. It would still be necessary to approximate the highest probable 
affinity of target chemicals in the "chemical library" to be isolated and the 
number/ concentration of each modified chemical compound added 

5 

Example 13 - Using the equations to determine the suitability of a known 
molecular library in perfonning the invention 

The equations of the invention can be used to evaluate molecular libraries of 
10 known parameters (including of known amounts) for their suitability to 
isolate anti-ligands with a given specificity. E.g. use of the equations can 
determine the amoimt of subtractor and/or target ligand required to isolate 
the requisite binders and may be compared to the amounts known in a 
provided sample, in order to determine if a sufficient amount of ligand is 
15 present. 

Example 14 — Performing the invention by automatic methods 

Screening of anti-ligands using the method of the invention may be 
20 performed using varying levels of automation. The determination of the 
amoimt of first subtractor and second target ligand can be performed using a 
computer program designed to run the equations derived firom the law of 
mass action. 

25 Furthermore the method of screening may be further automated if necessary 
for high throughput screening. In this situation, the automatic determination 
of the amount of first and second target ligands, is followed by 
automatically providing the determined amounts of first and second target 
ligands and automatically exposing the ligands to the anti-ligand. 
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An outiine for a computer software program utilising the invention to 
automate the binder selection processes of the present invention. Is 
described below: 

The user AviU be asked to choose a selection program. In "simple" mode 
such programs would include: 

A. Positive to negative inter-population ligand abundance dependent 
analysis and positive intra-population ligand abundance independent 
isolation of binders Qiigher stringency- higher antigen concentrations 
needed). This program is ideal for biomarker or target discovery, 
(e.g. figure 5) 

B. Positive to negative inter-population ligand abundance dependent 
analysis and positive population intra-population ligand abimdance 
dependent isolation of binders (lower stringency- lower antigen 
concentrations needed) (e.g. figure 2). This program would have 
different sub-programs, e.g. "transfected-cell selection", "wild-type 
cell selection", or "plasma selection". Depending on which type of 
selection is chosen the software program will estimate the relative 
frequencies of target ligands present at different absolute and relative 
numbers in the positive and negative ligand populations. The user 
may also choose to enter these numbers manually. 

The user will be asked to specify which category of binders is of interest. 
The user may choose to perform selection such tihiat only binders with 
specificity for positive population unique ligands are isolated, or choose to 
include binders with specificity for Ugands present at higher concentration 
in the positive ligand population compared to the negative ligand 
popxilation. The user will also provide information about the binder library: 
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5 



10 



1. Diversity of library (number of unique binders). This value is used to 
set higher threshold for binder affinity. 

2. Library binder copy number - the multiplicity of each unique 
binder member 

3. Selection reaction volume (litres) 

4. Threshold for binder affinity (Kd (M)) - This value is the lowest 
affinity of interest of any binder for its target Ugand. The upper 
threshold for this value is determined from 1 . 



15 5. The expected number of times each binder will be multiplied 
following a selection round ('TThe amplification factor"). The 
amplification factor is calculated as the number of phage following 
amplification of binders isolated from a given selection roxmd 
divided by the number of binders isolated from the same selection 

20 round. The expected amplification factor is replaced by the actual 

amplification factor calculated as selection rounds are performed so 
that each selection round is optimised. 



6. Lowest accepted number of unique binders isolated following each 
selection roxmd. This number could be anything from less than 1 to 
the input binder copy number. 



30 



7. Availability of subtractor ligand constructs (the highest number of 
subtracter constructs fliat are available and may be used in the 
selection process) 
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8. "Ligand detection level". The approximate concentration of the 
lowest abundant target ligand of interest in the positive ligand 
population. Binders specific for target ligand present at lower 

5 concentrations than that specified here may not be expected to be 

isolated. 

9. Desired frequency of binders with specificity for the most rare or 
weakly upregulated ligands isolated following the final round of 

10 selection. 

Given the above parameters, the computer program will calculate the 
number of selection rounds necessary for binders with sought specificity 
and affinity to be isolated at desired frequency (based on entered parameter 
15 values), and the number of positive and negative ligand constructs to use in 
the selection rounds respectively. All or none of the parameters entered for 
a given selection may be saved and used for subsequent selections. 

Fvurthermore, the output concerning the quantities of any material and the 
20 number of selection rounds can be linked through a software program to an 
automated experimental set-up where by the user inputting data allows the 
automatic calculation and implementation of tiie requisite experimental 
materials. 
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CLAIMS 

1. A method of isolating at least one anti-ligand to at least one target 
ligand comprising the steps of: 



5 



(i) providing a library of anti-ligands; 

(ii) providing an amount of a first subtractor ligand; 
10 (iii) providmg an amount of a second target ligand; 

(iv) determining amounts of first subtractor and second target 
ligands using one or more equations derived fi^om the 

universal law of mass action = /r 

15 

where: 

A, B, C&D = are the participants in the reaction 

(reactants and products) 
a, b, c, & d = the coefficients necessary for a balanced 
20 chemical equation 

so as to permit isolation of at least one anti-ligand to at least 
one target ligand; 

(v) providing the amount of the first subtractor ligand detennined 
in step (iv); 



(vi) 



providing the amount of the second target ligand detennined 
in step (iv); 
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(vii) providing separation means for isolating anti-ligand bound to 
the second target ligand from anti-ligand bound to the first 
subtractor ligand; 

(viii) exposing the library of (i) to the ligands of (v) and (vi) to 
permit binding of anti-ligands to ligands; and 

(ix) using the separation means to isolate' the anti-ligand bound to 
second target ligand. 

2. A method of isolating at least one anti-ligand to at least one target ligand 
comprising the steps of: 

(i) providing data set(s) describing a library of anti-ligands; 

(ii) providing data set(s) describing a first subtractor ligand; 

(iii) providing data set(s) describing a second target ligand; 

(iv) automatically determining amounts of the first subtractor and 
second target ligands using one or more equations derived 

fix)m the imiversal law of mass action - K 

where: 

A, B, C & D = are the participants in the reaction (reactants and 
products) 

a,b, c, &d = the coefficients necessary for a balanced 
chemical equation 
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SO as to permit isolation of at least one anti-ligand to at least 
one target ligand 

(v) providing the amount of the first subtractor Ugand determined 
in step (iv); 

(vi) providing the amount of the second target ligand determined 
in step (iv); 

(vii) providing th eUbrary of anti-ligands described by the data-set 
of step (i); 

(viii) providing separation means for isolating anti-Ugand bound to 
the second target ligand fi-om anti-ligand bound to the first 
subtractor ligand; 

(ix) exposing the library of (vii) to the ligands of (v) and (vi) to 
permit binding of anti-ligands to ligands; and 

(x) using the separation means to isolate the anti-ligand bound to 
second target ligand. 

3. A method as claimed in Claim 2 wherein step (iv) and at least one of 
steps (v), (vi), (vii) (ix) and (x) are performed automatically. 

4. A method as claimed in one of Claims 1, 2 or 3 comprising a further step 
of releasing the anti-ligand firom the second target ligand. 

5. A method as clauned in any previous claim whereby steps (ii) to (ix) are 
repeated one or more times. 
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6. A method as claimed in any previous claim wherein the amoiuit of one 
of the first subtractor or second target ligand is provided in excess of the 
amount of the other of the first subtractor or second target ligand. 

5 

7. A method as claimed in Claim 6 where the excess of ligand is between 
10 and 100 fold. 

8. A method as claimed in any one of Claims 1 to 7 wherein the equation 
10 of(iv)is 



where 

15 bA = Bound anti-ligand 

A = Total number of anti-ligand 
T = Total number of ligands 

C = Avogadro's constant (6,022 x 10^^ particles/mole) 
V = Reaction volume (litres) 
20 ICd = Equilibrium dissociation constant 



9. A method as claimed in any one of claims 1 to 7 wherein the 
equation of (iv) is: 



where 

bAp = Bound anti-ligand 

Tp = The number of Ugands on Cp 



(A+T+(K.)x(CxV)) j (A+T+(K,)x(CxV)) 



-AxT 
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Ts = The number of ligands on Cs 

Cp = The number of target ligand constructs 

Cs = .The number of subtractor ligand constructs 

A = Total number of anti-ligand 

T = Total number of ligands 



C = Avogadro's constant (6.022 x 10^ particles/mole) 

V = Reaction volume (litres) 

Kd = Equilibrium dissociation constant 

10 10. A method as claimed in any previous claim wherein the separation 
means are selected from at least one of a soUd support, cell membrane 
and/or portions thereof, synthetic membrane, beads, chemical tags and 
free ligand. 

15 1 1 . A method as claimed in Claim 10 whereby the separation means are cell 
memtnranes and/or portions thereof. 

12. A method as claimed in Claim 11 whereby the first subtractor and 
second target Ugands are fixed to and/or incorporated within separate 

20 cell membranes and/or portions thereof, 

13. A method as claimed in any previous claim whereby the separation 
means of the first subtractor and second target ligands have a different 
density. 

25 

14. A method as claimed in Claim 13 wherein the separation means of the 
first subtractor ligand is of a lower density than the separation means of 
the second target ligand. 
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15. A method as claimed in Claim 14 wherein the separation means of the 
first subtractor ligand is a membrane vesicle. 

16. A method as clahned in Claim 14 wherein the separation means of the 
second target ligand is a whole cell membrane. 

17. A method as clauned in any previous claim whereby the isolation of 
anti-ligand boimd to second target ligand is perfonned by at least one of 
density centiifogation, solid siq>port sequestration, magnetic bead 
sequestration, chemical tag bmding and aqueous phase partitionmg. 

18. A method as claimed in Claim 17 whereby the isolation step is 
perfonned by density centrifugation. 

19. A method as clauned in Claim 18 wherein the density centrifugation is 
performed using a sucrose-polymer gradient. 

20. A method as clauned in any previous claim wherem the library of step 
(i) is a display Ubrary comprising a plurality of Ubrary members which 
display anti-Ugands. 

21. A method as claimed m Claim 20 wherein the Ubrary is a phage display 
library. 

22. A method as claimed in any previous claim wherein the subtractor and 
target Ugands are independently at least one from antigens; receptor 
ligands; and enzyme targets that comprise at least one selected from 
carbohydrate; protein; peptide; lipid; polynucleotide; inorganic 
molecules and conjugated molecules. 
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23. A method as claimed in any previous claim wherein the library of anti- 
ligands is composed of at least one selected from antibodies, and antigen 
binding variants, derivatives or fragments thereof; scaffold molecules 
with engineered variable surfaces; receptors; and enzymes. 

5 

24. A method as claimed in any previous claim comprising a further step of 
exposing the ligand and its separation means to a stimulus which 
influences the expression of target ligands on said ligand constructs. 

10 25. A method of screening a library of anti-ligands substantially as 
described herein preferably with reference to one or more of the 
accompanying examples and/or figures. 

26. A method for preparing a pharmaceutical composition which comprises, 
15 following the identification of an anti-ligand with desired characteristics 

by a method according to any preceding claim, adding said anti-ligand to 
a pharmaceutically acceptable carrier. 

27. A pharmaceutical composition as prepared by the method of Claim 26 
20 for use in medicine. 

28. Use of a pharmaceutical composition as claimed in Claim 26 or 27 in the 
prevention, treatment, imaging, diagnosis or prognosis of disease. 

25 29. A computer program product, comprising a computer readable medium 
having thereon computer program code means adapted, when said 
program is loaded onto a computer, to make the computer execute the 
method of any one of claims 2 to 24. 



30 
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30. A computer program, distributable by electronic data transmission, 
comprising computer program code means adapted, when said program 
is loaded onto a computer, to make the computer execute the method of 
any one of claims 2 to 24. 
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Figure 2 
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Figure 3 
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Figure 4 
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Figure 7 A 
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Figure 8 A 
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Figure 8B 

B versus T old selection 



400000- 



350QOO- 



20QOOO 

{D 



ISQDOO- 



I 



50)00 - 



INTERNATIONAL SEARCH REPORT 



inteniuiional AppHcaUon No 

PCT/EP 03/09991 



A. CLASSIFICATION OF SUBJECT MATTER 

IPC 7 601N33/53 C12Q1/68 



According to Intematlonai Patent Classification (IPC) or to both national dassificalian and IPC 



B. FIELDS SEARCHED 



Minimum documentation searched (dassification system followed by dassificatlGn symbols) 

IPC 7 G01N C12Q 



Documentation searched other than mNmum documentation to the extent that such documents are Induded In the fields searched 



Electronic data base consulted during the international search (name of data base and, where practical, search terms used) 

EPO-Internal 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category " Citation of document, with bidlcation, where appropriate^ of the relevant passages 



Relevant to dalm No. 



BRIAN STAUSBOL-GRON ET AL: "De novo 

identification of cell -type specific 

antibody-antigen pairs by phage display 

subtraction. Isolation of a human single 

chain antibody fragment against human 

keratin 14" 

EUR. J. BIOCHEM., 

vol. 268 » 2001, pages 3099-3107, 

XP002267O98 

the whole document 

WO 00 52054 A (6ENENTECH INC) 
8 September 2000 (2000-09-08) 
page 3, line 6 - line 11 
page 18, line 5 - line 35 
page 9, line 20 - line 30 
claims 5,6 



-/■ 



1-30 



1-30 



m 



Further documents are listed In the continuation of t>oxC. 



|)( [ Patent family members are listed In annex. 



" Spedai categories of cited documents : 

'A* document defining the general state of the art which Is not 
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filing date 

"L" document which may throw doubts on priority dalm(s) or 
which isdted to establish the publication date of another 
dtation or other spedai reason (as spedfied) 

'O* document referring to an oral disdosure, use, exhibition or 
other means 

'P* document published prior to the International filing date but 
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T" later document published after the Intematlonai filing date 
or priority date and not In conflict with the application but 
dted to understand the principle or theory underlying the 
Invention 

"X" document of particular relevance; the claimed invention 
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involve an Inventive step when the document Is taken alone 
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International application No. 
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Box I Observations where certabi claims were found unsearchable (Continuation of item 1 of first sheet) 



This international Search Report has not besn established in respect of certain claims under Article 17(2)(a) for the following reasons: 

1. [x] Claims ^4o6.: 28 

because they relate to subject matter not required to be searched by this Authority, namely: 

see FURTHER INFORMATION sheet PCT/ISA/21G 



2. H ClalmsNos.: 1» 2, 24, 25 

because they relate to parts of the International Application that do not comply with the prescribed requirements to such 
an extent that no meaningful IntemaSonal Search can be carried out, epecifically: 

see FURTHER INFORMATION sheet PCT/ ISA/210 



3. I Claims Nos.: 

because they are dependent claims and are not drafted In accordance with the second and third sentences of Rule 6.4(a). 



Box II Observations where unity of Invention Is lacking (Continuation of Item 2 of first sheet) 



This intemadonal Searching Authority found multiple Inventions in this intemational application, as follows: 



1 . I I As ail required additional search fees were timely paid by the applicant, this Intemationat Search Report covers all 
* — * searchable claims. 

2. I I As ail searchable claims could be searched without effort Justifying an additional fee, this Authority did not Invite payment 

of any additional fee. 



3. I I As only some of the required additional search fees were timely paid by the applicant, this International Search Report 
' — I covers only those claims for which fiees were paid, spedflcaiiy ctalms Nos.: 



4. I I No required additional search fees were timely paid by the applicant. Consequently, this Intemadonal Search Report Is 

restricted to the Invention first mentioned in the claims; It Is covered by claims Nos.: 



Remark on Protest [ | The additional search fees were accompanied by the applicant's protest 

I I No protest accompanied the payment of additional search fees. 
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FURTHER INFORMATION COrmMUED FROM PCT/ISA/ 210 



Continuation of Box I.l 
Claims Nos.: 28 



Claim 28 relate to methods of treatment of the human or animal body by 
surgery or by therapy or diagnostic methods practised on the human or 
animal body (PCT Rule 39. 1(1 v)). Nevertheless » a search has been executed 
for this claim. The search has been based on the alleged effects of the 
compounds or compositions. 



Continuation of Box 1.2 
Claims Nos.: 1, 2. 24, 25 



The claim or claims shall define the matter for which protection is 
sought. Claims shall be clear and concise, see Article 6 PCT. Claim 25 
contains references to the description and the drawings. According to 
Rule 6.2(a) PCT. claims should not contain such references except where 
absolutely necessary, which is not the case here. 

The claim or claims shall define the matter for which protection is 
sought. Claims shall be clear and concise, see Article 6 PCT. In claim 1. 
and 2 step (iv) the phrases "A, B, C & D = are the participants..." and 
"a, b, c & d = are the coefficients..." are not clear and should be 
amended. 

Claim 24 does not meet the requirements of Article 6 PCT in that the 
matter for which protection is sought is not clearly defined. The claim 
attempts to define the subject-matter In terms of the result to be 
achieved which merely amounts to a statement of the underlying problem. 
The technical features necessary for achieving this result should be 
added. It Is not clear which stimulus is added and what effect Is has on 
the expression of the target ligands. 

The applicant's attention is drawn to the fact that claims, or parts of 
claims, relating to Inventions in respect of which no international 
search report has been established need not be the subject of an 
international preliminary examination (Rule 66.1(e) PCT). The applicant 
is advised that the EPO policy when acting as an International 
Preliminary Examining Authority is normally not to carry out a 
preliminary examination on matter which has not been searched. This is 
the case irrespective of whether or not the claims are amended following 
receipt of the search report or during any Chapter II procedure. 
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